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INTRODUCTION 

T his concluding volume of the senes deals in part 
with vaned aspects of matenal dviliwtion as repre- 
sented by mechanical accomplishment m the mdustnal 
world But we shall not altogether overlook the indus' 
tnal conditions of the past (of which we have seen a 
good deal in earlier volumes), and for the imaginative 
mind the contrast between .present and past conditions 
gives at least mtimations of possible developments of the 
future. Our chief concern, however, is with existing 
conditions, and in particular with the newest develop- 
ments of the mechamcal devices by which, in the opinion 
of the casual observer, the progress of avilization is to 
be gaged. 

The most elementary analysis shows that the indus- 
tnes of today are basically the same as the industries of 
yesterday — and of all the yesterdays back to the very 
beginmng of man’s activities as a civilized being. The 
production, the manufacture, and the distribution of 
commodities — these are the three basic conditions to be 
met. For pnmitive man, prcxluction imphed fishing, hunt- 
mg, and the gathering of edible substances of natural 
ongm, vegetable or animal. Manufacture had to do with 
the making of crude implements; the preparation of 
matenal for clothing and ornaments; and the construc- 
tion of primitive dwellings. Distribution implied the 
making of crude boats and primitive land vehicles 
In modem mdustry, fishing is still important, but 
hunting has been reduced to the status of a sport or 
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recreation. Agriculture and mining, basic industries on 
which avihzation itself was founded, are still preemi' 
nent. Not until our own generation, when mtrogen was 
extracted from the air to make soil-fertilizer on one hand 
and explosives on the other, has the basic material for 
any kind of manufacture been available save as a prod- 
uct of the soil or of the mineral or subaqueous depths. 

No morsel of food, for example, hais ever hitherto 
been created elsewhere than in the green leaves and 
cellular tissue of plants. 

The chlorophyl of the green leaf extracts carbon 
dioxid from the air and combmes it with water to form 
basic sugars and starch. No human laboratory worker 
has as yet been able to duplicate this miraculous achieve- 
ment All that man does is to provide favorable condi- 
tions under which the plant can work. That is the 
essential function of the agriculturist. The way in 
which he does this constitutes the story of the agricul- 
tural mdustry. 

Similarly the nuneral products that are basic m manu- 
facture are supplied by nature, whether at the earth's 
surface or in the depth of rocky strata, and the varied 
mimng industries have to do with the gathering of the 
natural matenals and their manipulation, usually with 
a view to the isolation of elementary substances — copper, 
iron, gold, silver, and the rest. By exception, minerals 
are extracted from sea water (salt, magnesia) or from 
the substance of plants on land (alkai, charcoal) or in 
the sea (iodin) . 

With the basic products thus supplied by agriculture, 
mining, and lumbering, the manufacturing industries 
deal, to the ultimate end of feeding, clothing, housing 
the race, and meeting recreational and decorative needs 
and desires. 
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Meantime the distribution of commodities, whether 
crude or manufactured, and the transportation of ani' 
mals and men, afford opportunity for the development 
of yet another series of mdustries mvolving, m the mod- 
em world, vehicles and craft of land, water, and the air. 

All this imphes, as suggested, merely the elaboration 
of mechanisms to meet basic needs that do not differ 
essentially today from the basic needs of our prehistonc 
ancestors. 

In the matter of the communication of ideas, however, 
which may be classed as a form of distribution, there 
are elements which were at most only vaguely adum- 
brated in the experience of our prehistonc forebears. 
Primitive man signaled by beatmg drums or by visual 
signs (waving torches, smoke, flags) ; modern man sends 
messages by word or picture along wires or through the 
ether to the confines of the earth. 

No one needs to be told of the great industnes that 
have developed in connection with the communication 
of ideas by telegraph, telephone, and radio; nor of the 
alhed commumcation through the medium of the “silver 
screen.” The industries assodated with these enterprises 
are essentially developments of our own time. 

Another form of communication, as represented by 
the printed word, is of older ongin, but the elaborated 
printmg presses that make possible the production of 
newspapers, magazines, and books by the milhon are 
among the most significant mechamcal devices of our 
own day. 

All this seems very elemental, because it concerns 
matters of every-day experience. Yet these modern 
mechanisms through which the practicalities of the in- 
dustries have been revolutionized are no less wonderful 
because they are familiar. Our pictures will show many 
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types of these mechanisms, in their newest forms of 
development. 

In the concluding section I have struck a more directly 
personal note, mabng application of present'day med- 
ical science to the needs of the individual. Since the 
value of all cultural knowledge is, in the last analysis, 
to be appraised for its capaaty to add to the welfare or 
happiness of mankind, it seemed appropriate to make 
such an interpretation. In so doing I have drawn on two 
of my very recent books. Why Die Before Tour Time^ 
and Drugs Against Men, through courtesy of the pub- 
hshers, Robert M McBride 6* Company. 

My obligation to vanous publishers for permission to 
draw freely upon matenal of my earlier books was e.x- 
pressed at the outset. I wish to express a sense of double 
obligation, however, to Mr. McBnde and to Simon 
Schuster, publishers of The Great Astronomers, be- 
cause the books just mentioned are of recent issue and 
are available in popular editions — whereas most others 
of my books from which I have drawn material for the 
present senes — notably The History of Science, The 
History of the Art of Wntisig, and The Historians' His- 
tory 0 / the World, which together compnse no fewer 
than forty volumes — are of necessity out of reach of the 
average book buyer. 

I may add that the inaccessibility of my larger sets of 
books has led me to draw on their contents with a special 
satisfaction. In particular is this true of the reproduction 
of facsimile plates from The History of the Art of Writ' 
ing, to which reference was previously made. Most satis- 
fying of all, however, has been the opportunity to bring 
together material from so many sources, giving the gist 
of fifty years of expenence and investigation, into a 
unified series of books for the widest possible audience. 







"ARTIFICIAL LIGHTNING" 



I 

SOME EVERY-DAY MYSTERIES 

T his series of books as a whole, dealing with the 
progress of thought and of man’s interpretation of 
nattiral phenomena, has had to do with an unending 
sequence of events which were mysteries until solved, 
however commonplace they might seem thereafter It is 
not necessary here to recapitulate, even by name, these 
mysteries, nor is it desirable to enter into an elaborate 
analysis of unsolved problems. 

It may be desirable, however, to give very brief but 
explicit attention to a few of the exceedingly familiar 
phenomena of every-day experience the explanation of 
which is not always readily forthcoming. As regards a 
good many of these, mdeed, no very satisfactory explana- 
tion can be given. 

Thus the most familiar of all phenomena, the action 
of universal gravitation, is a profound mystery. No one 
knows why a lead pencil, for example, when you drop 
it, falls to the floor instead of rising to the ceihng Not 
infrequently, when we offer explanations of observed 
phenomena, the explanation does not really get to the 
heart of the matter, but"' only pushes back the veil of 
mystery one stage farther. 

If, for example, one were to ask why we sneeze, why 
we yawn, why yawning is catching, why scratching the 
skin rejieves itching, and what is the real character of 
Itching Itself, we can give only tentative answers, which 
involve questions of the transmission of impressions 
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along nerves to the brain; reactions in the brain itself; 
and other impulses sent out along nerves from the brain. 
And while it is easily possible to make the answers 
suffiaently technical to seem profound, in reality they 
amount to little more than the statement that such reac- 
tions have been developed because each in its way is 
benefidal to the individual, and therefore benefidal to 
the race. To call the process “reflex action” is to name 
rather than to explain it. 

Similarly the question where thoughts come from, so 
often asked by children, can be answered properly 
enough by saying they originate in the brain, through 
coordmation of sensations. A psychological treatise might 
be written in explication of this statement, but after all 
IS said and done the fact of the ongination of thought 
m the brain is a profound mystery. The mechanisms of 
brain celb and connecting fibnls entenng mto the genesis 
of thought can be fully descnbed and illustrated. But 
thought Itself, tho perfectly familiar to everyone from 
his own experience, eludes definition or complete under- 
standing 

We define rather than explain these mysteries Never- 
theless, in the ordmary use of language, such defimtions 
may be accounted explanations. For only in that sense 
can we explain such other phenomena as magnetism, the 
electnc current, the eimssion of light by incandescent 
substances, muscular action, and a host of others. 

On the other hand, there are many mysteries of the 
world about us which to casual observations seem equally 
inscrutable, which are no longer mysteries in the sense 
of bemg unexplained by sdentific investigators. A host 
of these, as already suggested, have been brought to our 
attention as we studied the progress of knowledge from 
the earliest time to our own day. It should not be over- 
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looked, however, that there are numberless physical 
phenomena whose very famiharity makes us take them 
for granted, yet whidi are found puzzling if we are 
called on to explain them m defimte terms. 

Why, for instance, does the wmd blow? It was de- 
dared of old that no man knows whence the wind comes 
nor whither it goeth Today this statement hardly holds. 
We know that the wind comes from regions where the 
air has been cooled and goes toward regions where the 
heated air has risen with a suction effect. But if you 
press the matter as to why heated air rises, there is no 
final answer forthcoming — because the question of 
weight involves that inscrutable problem of gravitation. 

Again, the direction of the prevailing air currents is 
influenced by the whirlmg globe and the inertia of every 
physical substance. But inertia itself is mexplicable. 

In general, it may be said that the explanation of the 
forces of nature is on a different plane from the inter- 
pretation of the character of the matter on which the 
forces operate. Thus, while we do not know the actual 
nature of the forces of gravitation and inertia which 
combme to make our earth globular in form and deter- 
mine the phenomena of winds, for example; yet we are 
able to analyze the soil and name its constituents, and 
to say with full confidence that the atmosphere consists 
of Uttle-varying proportions of oxygen and nitrogen, 
with a varying amount of water vapor, and mfinitesunal 
but highly important mcrements of carbon dioxid, am- 
mom'a, and sundry “impurities ” We can even establish 
with a good deal of certitude the chemical nature of the 
constituents of the earth’s interior. We know, for ex- 
ample, that oxygen is the most abundant constituent of 
the rocky matter of the earth's crust. 

But why oxygen and nitrogen and carbon dioxid are 
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gases at “ordinary” temperatures, yet become liquid or 
solids at other temperatures, we do not know. Why 
oxygen and hydrogen, gaseous when free, assume the 
liquid state when chemically combined, is a deep 
mystery. 

In a word, then, the ultimate whys are beyond our 
ken. But this does not prevent us from utilizing the half- 
understood forces and principles. In particular, there are 
possible new apphcations of familiar principles, consti- 
tutmg novel practical mventions. Such applications are 
bemg made every day. And the field of future possible 
inventions is inexhaustible. 

I once amused myself by suggesting a series of possible 
extensions of mventive ingenuity into several practical 
fields, and published the fantasies m a popular magazine, 
the American, under the rather spectacular title, “Six 
Ways to Make a Billion Dollars.” I do not know that 
I can better suggest some of the opportunties that he 
just ahead than by reproducing the article here, slightly 
modified. Meantime a senes of pictures showing some of 
the very new achievements in the field of the practical 
industries will serve as suggestive and stimulative back- 
ground — ^partly because mey represent actualities that 
are quite as wonderful as the potential discoveries spe- 
cifically suggested m the text. 



n 

TAPPING ATOMIC ENERGY — A FANTASY 



of you. 

My object is not to quench your thirst, but to stimu- 
late your imagination I shall ask you to see m that glass 
of water only things that are known to be there — things 
no less actual because they are invisible to the naked eye. 
And I shall attempt to show you how these infinitesimal 
habitants of the water give clues to billion-dollar 
opportunities. 

Yes; It was bilhon-doUar I said, not mere million-dol- 
lar opportunities. If you can learn to juggle the contents 
of that glass of water in just the right way, you may 
count with full confidence on getting a billion dollars for 
your secret. Indeed, this understates the case, for there 
are more bilhon-dollar ideas than one in the glass, as I 
shall show you presently. 

One world at a time, however. Our first concern is 
not so much with the water itself as with the energy 
that 13 stored in it. Yet this is perhaps a distinction with- 
out a difference, since energy and matter, in the last 
analysis, appear to be but two sides of one shield. At 
any rate, it will soon be clear that, while we see\ work- 
ing energy, we must talf^ constantly about atoms of 
matter, especially about hydrogen, which, as you know, 
is one of the two constituents of the molecule of water. 

The hydrogen atom is, indeed, the djinn that is to 
show you where the billion-dollar purse is hidden. 


X— 2 
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The secret is that the hydrogen atom carries an amaz' 
ing store of energy, part of which it is wilhng to dispose 
of under certain conditions I will give you a formula 
which, by implication, tells what those conditions are, 

It may be stated thus: “In each molecule of water m 
this tumbler, two hydrogen atoms are held captive by a 
big oxygen atom. If you will liberate these captives, and 
permit them to join, four by four, to form helium atoms, 
you will leani something to your advantage.” 

That’s all there is to it. And if you can devistf a 
practical plan for doing this on a commercial scale, I 
assure you there will be no trouble at all about forming 
a syndicate to give you a billion for your process for 
makmg hehum out of hydrogen. 

Helium, as you doubtless know, is an extremely valu- 
able gas exceedingly useful for filling balloons, because 
It IS not inflammable. You are therefore to make helium, 
and nothing else; yet the hehum, after it is made. Will 
be only a by-product — the smoke that goes up the chim- 
ney, as it were. 

The really valuable product that your invention 
offers IS working energy. 

When any atom, or any molecule, combines with one 
or more other atoms or molecules, a relatively enormous 
amount of energy is released. But in this regard there 
is no other atom at all in the class of hydrogen. The 
energy released when any four hydrogen atoms are per- 
mitted to jom together to form an atom of helium is 
simply prodigious. 

Let me illustrate. The tumbler of water before you 
contains roughly 20,000,000.000,000,000,000,000,000 
hydrogen atoms. If these hydrogen atoms were made in- 
to helium, the energy resulting would have the effective 
heating power of 4,300 tons of coal; or, to put it an- 
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other way, this energy gradually released would be suf- 
ficient to propel the Leviathan across the ocean at full 
speed, no other fuel whatsoever being required. 

Why, the hydrogen in any teaspoonful of water will 
generate 100,000 kilowatt hours of electneal energy, or 
133,000 horse-power! 

And any single drop of the water, if its hydrogen 
were recklessly made into helium all at once, would ex- 
plode with the force of a two-pound stick of dynamite 

Incredible? Yet perfectly true. And there isn’t any 
“catch” in it, either. The hydrogen-helium tnck is smiply 
waiting for someone to turn it. 

The only difficulty is this: When you liberate the 
hydrogen atoms from their oxygen bondage, as may 
readily be done with an electric current, they will be 
able, under ordinary conditions, to unite only two by 
two But this won't do. You must make the conditions 
such that they can umte four by four. 

The difference may not seem to you very material. 
But, from the atomic standpomt, it is so matenal that 
your reward (m units of energy) will be a trillion times 
greater for permitting the four-by-four combination 
than it will be if you permit only the two-by-two com- 
bination. 

In practical terms, the hydrogen atoms m a teaspoon- 
ful of water, released and permitted to join two by two, 
will give you the heat-equivalent of a pea-sised pellet of 
coal. The same hydrogen atoms, permitted to join four 
by four, will give the heat of one hundred tons of coal 

Can this bewildering discrepancy be explained? It 
can — at least provisionally. And thereby hangs the 
billion- dollar tale I am tellmg. Its essence is this: 

When two hydrogen atoms unite, it is a tame affair, 
when four are permitted to get together, the reunion is 
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so notous that a portion of the very world'StufF of which 
they were created is annihilated! 

Can this he proved? Very simply. Every hydrogen 
atom by itself weighs exactly 1.008 atomic units. Two 
hydrogen atoms, united, weigh just twice that. But do 
four hydrogen atoms, joined to make an atom of helium, 
weigh four times 1 008? They do not: they are short 
weight by .032 atomic units. Quite the strangest dis- 
appearance ever recorded m cosmic or other history has 
taken place About three-fourths of one per cent of the 
very substance of the four hydrogen units has been dis- 
sipated, apparently into nothingness. A miracle has 
happened! 

Let us delve into the heart of this mystery The hydro- 
gen atom consists of two um't particles: the proton and 
the electron, the two being held m the gnp of electrical 
and magnetic forces. The proton, however, has the 
weighablc substance of 1,845 electrons. Practically, the 
total mass of the hydrogen atom is, therefore, proton- 
substance. 

When four hydrogen atoms (four pairs of protons 
and electrons) umte to form a hdium atom, it is mostly 
protonic substance that is missing 

Where did the missing proton matter, the essence of 
world-stuff, go? That is the mystery. And fortunately it 
13 solvable — so, at least, the modern physicist believes. 
The missing proton matter has been changed into energy 
— basic, primordial, fundamental energy; call it protonic 
or subatomic energy, if you will, to indicate that it comes 
from the very heart of the atom.' 

So, when you induce four hydrogen atoms to unite 
to form an atom of helium, you are tapping the abysmal 
depths of the infinite storehouse of cosmic energy. 

It is an experience in itself awesome; in its conse- 
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quencea, stupendous. For from each group of hydrogen 
atoms harnessed four by four, you will get a trtlhon 
times the energy that was ever obtained from a like mass 
of matter under human control in any furnace or engine 
or dynamo or device whatsoever, since the world began. 

Xour helium machine (when it is invented) portends 
a new era in civilization! No longer will you be dealing 
v/ith mere molecules, as in a steam engine, or with inter- 
change of atoms, as m a gas engine, or with the fairy 
flight of electrons from the power-house generator; but 
with the colossal power of the basic, primordial par- 
ticles that are the unit structures of all the matter and 
all the cosmic energy m the universe. 

Dare one tamper with such unthinkable power? 
Pounds of dynamite in a drop of water! The strength 
of a hundred thousand horses in a teaspoon! A power- 
house generator in a tumbler! 

How release such energies, and escape destruction? 

Theoretically, the answer is this: release them gradu- 
ally. Nature gives the cue when she makes water rise as 
a vapor. The atoms in your tumbler mdiuidually are 
nothing to brag about. It is union, and the correct union 
at that, that gives them strength. 

Even as you sit there looking mto the tumbler, billions 
on bilhons of water molecules, each freighted with two 
atoms of hydrogen, are jumping up from the surface of 
the water, and hurtling off into air. And when a single 
drop of water has thus evaporated and mingled with 
the air, every cubic millimeter (pm-head size) of space 
in the atmosphere of the entire fifteen-foot room in 
which you sit, will contain upward of a hundred bilUon 
of the molecules that a few minutes ago were water in 
the tumbler, and now are no less iwater because they 
have assumed the guise of vapor. 
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There you have the clue. 

A drop of water, even a fine spray of water, you dare 
not attempt to handle for your experiment. But a few 
cubic millimeters of vapor-laden air might with safety 
be introduced mto a strong compression chamber — 
perhaps the cyhnder of an automobile engine — in which 
you are to conduct your hydrogen-helium experiments. 

Suppose you put about ten drops of water mto the 
empty gasohne tank to evaporate. Small whiffs of this 
vapor-laden air, mtroduced through the carburetor, may 
be further diluted with absolutely dry air, or with an 
inert gas (a gas that contains no hydrogen) . 

Now, all you have to do is to discover an agent that 
will strip the proton of the hydrogen atom of its electron 
mate, thus disturbing the electric balance and modifying 
the tense magnetic field that constitutes the atom’s pro- 
tective shield. Robbed of their mates, the most natural 
thmg in the world — nay, the inevitable thing — is for 
four hydrogen atoms to rush into mutual compact, there- 
by constituting themselves a helium atom, and giving 
out a glorious offering of cosmic energy in the fonn of 
usable, and salable, heat 

Millions of tons of helium are probably thus being 
made m the atmosphere above your head. Why not a 
few atoms m your machine? 

The molecular outburst in a big steam engine gives 
a thrust of many hundred pounds to the square inch. 
The iTicer-atontJc explosion in a gasoline engine produces 
heat enough to dnve your car with the power of ten, 
fifty, a hundred horses. The siib-atomtc, or protonic 
detonation in your helium-spark engine will liberate the 
power of a thousand horses — or a hundred thousand. 
There is no limit, except as imposed by the strength of 
your spark chamber 
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Harness your hydrogen atoms four by four, and you 
make coal and fuel-oil potentially obsolete You make 
the vapor of water the universal fuel — with atmospheric 
air as the prartical source of supply 

Just think of it( No fuel reqmred but waterwapor 
for furnaces of every type; for power-house generators; 
for the engines of steamships, locomotives, automobiles, 
airplanes, and dirigibles; to heat dwellings, operate local 
electnc plants, and drive farm raachmery. 

Coal and oil m the discard! Mines that produced a 
billion tons of coal last year, and oil wells that spouted 
a billion barrels, put out of busmess by that yet more 
abundant gift of nature — ^water! It is a vision to dazzle 
the eyes of prophetic imagination. 

Will It ever be more than a vision’ Why not? Hydro- 
gen-helium power is no more visionary today than the 
idea of making steam do the world's work seemed in the 
year 1800; no more visionary than the idea of making 
an electric current do the work of horses seemed in 
1850; no more visionary than the idea of talking hun- 
dreds of miles over a wire seemed in 1870; or the idea 
of wireless control of a ship or car, in 1890. 

It is not a thousandth part so fantastic as the crazy 
dream that whiffs of gasohne, whirling canoe blades, 
might hft great vehicles mto the air and make them fly 
like birds above the clouds, seemed m the year 1900. 

It is no such fantasy as the familiar facts of the X-ray, 
or radio broadcasting. 

The idea of the helium engine seems fantastic only 
because it is new. Not till yesterday did we learn any- 
thing about the interior of the atom. One of these days 
it will seem as natural to lure power from vapor, by 
the hydrogen-helium route, as to get power out of steam 
or exploding gasoline. 
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tents, IS clear and transparent. It would still remain so 
if, by waving a magic wand, you were to cause each 
carbon atom in a portion of the water to forsake its 
oxygen mates and link itself with a molecule of water. 
(A molecule of water being, as you are well aware, two 
hydrogen atoms held captive by one oxygen atom.) Yet 
every family group of six carbon atoms combined with 
SIX molecules of water would constitute one molecule 
of the kind of sugar called glucose. 

And if you were to take out a spoonful of the sirup 
that the tumbler now holds, and — again by waving your 
wand — remove a single molecule of water from each 
molecule of the sugar, what remained would be starch, 
and the water would become turbid 

Another spoonful of the sirup might be treated in a 
different way By splitting each sugar molecule in half, 
and adding to each moiety two atoms of hydrogen, you 
have a molecule of glycerin. The sump of a third spoon- 
ful may have its molecules of sugar modihed by removal 
of two carbon atoms and two atoms each of hydrogtin 
and oxygen, to form butync aad. 

By mixing glycenn with the butync acid — in just the 
nght way, of course — you produce a fat which is the 
equivalent of butter. 

Thus, by a little juggling with the molecules of water 
and carbon dioxid ongmally in the tumbler, you have 
sugar and starch, and butter And there is no limit to 
the other kinds of sugar and fat and oil that would 
result from further manipulation of the same matenals. 
You could even make sudi substances as cellulose, wood 
pulp, and paper, if you chose, for carbon, hydrogen, and 
oxygen are the components of all of these. 

If the supply of carbon atoms were to give out, you 
have but to take a straw, put it into the water, and 
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bubble your breath through it For the carbon dioxid 
you exhale will be absorbed by the water and give addi- 
tional experimental material. 

Absolutely pure, distilled water, plus your breath, 
would supply all the material needed for making a 
cracker, and butter to spread on it; or a portion of 
tapioca, and the sugar and cream to serve with it; 
namely, carbon, hydrogen, and oxygen. 

Nor need you stop at that: Another pass or two of 
the magic wand, and you may have a whole-wheat bread 
sandwich, with cheese or egg or beef for filling. You will 
first combine two molecules of water with two atoms 
of carbon and then add a smgle atom of nitrogen, a 
constituent of the air in the water that you have hitherto 
neglected, not needing it for any carbohydrate or fat. 

This new combination of two atoms of carbon, four 
of hydrogen, two of oxygen, and one of nitrogen will 
give you the amplest form of “amino-acid,” named 
glycin You have only to add increasing numbers of 
carbon, hydrogen, and oxygen atoms (and, toward the 
last, one more mtrogen atom), to make in sequence all 
the other amino-acids, about seventeen in number. And 
these are the building stones of which every molecule 
of albumen or protem is compounded 

And protein, as of course you know, is the veritable 
life-substance. No living cell or tissue, vegetable or ani- 
mal, has any basis but protein. So, by mixmg together 
vanously the different amino-acids you have made, you 
may gam wheat protem for your slice of bread, or milk 
protein for the cheese sandwich, or egg protein, chicken- 
meat protem, beef protem — what you will 

To make the proteins quite complete, you must, to be 
sure, have added a few atoms of sulfur, and sometimes 
an atom or two of phosphorus, to the large groups of 
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carbon, hydrogen, oxygen, and nitrogen atoms making 
up the bulk of the structure But these are supplied 
from the “traces” of sulfates and phosphates of magne- 
sium and sodium m the water So are vanous other 
mmerals that enter into the structure of vegetable and 
animal tissues — tho not entering mto the composition of 
sugars, starches, fats or proteins themselves 

Vegetable fiber contains silicon; traces of this element 
are always dissolved by water from the substance of any 
glass receptacle in which it is held Even if your tumbler 
of water has been certified by a chemist as pure and 
unadulterated, it contains, as we have seen, all the con- 
stituents of a very palatable and nounshing lunch, 
ganushed, if you wish, with salads or vegetables or 
fruits, and completed with a portion of apple pie d la 
mode 

Of course the quantity of material in the tumbler 
might prove inadequate; but then you can always go 
to the tap or well for another helping of water. 

All this sounds most mviting But what about the 
magic wand with which to do these miracles? Ah, there’s 
the rub. The constituents are there m the tumbler. Some 
day — can we doubt it? — saence will learn how to com- 
bine them m laboratory and factory Perhaps not m our 
generation, but surely some time 
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FROM DOG CART TO CATERPILLAR TRACTOR 



IV 

A DREAM OF HARNESSED TIDES 

P erhaps, however, your mind runs to the mechan- 
ical rather than to the chemical side of invention. 
Very well. Here is a mechanical problem that is good 
for ten-figure money — if you solve it I mean the prob- 
lem of tidal power. 

All the oceans of the world rise and fall twice every 
day with irresistible power. Why has this power been 
wasted while men dig into the earth for coal and put 
wheels under puny waterfalls? 

Not altogether for lack of human effort, for since the 
day that King Canute failed to make the tide obey him, 
hundreds of patents have been taken out for tide 
machines. 

More than that, many of the devices thus patented 
work — after a fashion There is a small tide machine in 
the river Thames near London today that has been in 
operation for over a hundred and thirty years. 

The feasibility of harnessing the tides at certain places 
is so well understood that the French Government has 
under way a project to develop a 5,000 horse-power 
plant near Brest. England contemplates a $150,000,000 
development m the Severn estuary; and the State of 
Marne a few years ago ratified a bill to develop tidal 
power m the Bay of Fundy, to cost $100,000,000, which 
18 expected annually to produce the equivalent of power 
from ten milhon dollars’ worth of coal. 

In the tide-reservoir systems as contemplated in the 
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Bay of Fundy and elsewhere, the gates are shut after 
the water has flowed ui, and power is ^ned by letting 
the water flow out, operating turbine wheels meanwhile, 
as the tide recedes. Part of the power thus gained may 
be used to pump some of the basin watet into higher 
reservoirs, to be used to operate other turbines as it flows 
back again. 

All this might seem to suggest that the problem of 
tidal power had been solved. Far from it. These mstalla' 
tions, however successful, will represent only a crude be- 
ginning. In fact, the pnnaple of operation is no different 
from the primitive tide machine mstalled in the Thames 
in 1790. 

Of course mterestmg details of modern engineering 
will be mvolved; but the ’’basin” system that is to be 
utilised IS available on a large scale only where the tides 
average at least ten feet. There are but few places along 
the coasts of our enure continent where tidal plants of 
this character could be economically installed 

Now, the tidal machme that I have in mind calls for 
something quite different from this. It must utilize tides 
that use only four or five feet, and it must be available 
along every shore, in every harbor. It should be adjust- 
able to every floaung wharf and to every ship that docks 

Consider the conditions: The Levmthan, let us say, 
with displacement of not far from sixty-five thousand 
tons, is at her dock in the North River. Twice each day 
her enormous bulk is lifted, with the average tide, about 
four and a half feet, and allowed to settle back again. 
If she is docked for five days, she has been lifted forty- 
five feet into the air — and allowed to drop from that 
height. And this is equivalent to the hoisting of one 
thousand tons of metal to more than half a mile, and 
dropping it from that alu'tude. 



WONDER BOOK OF WORLD'S PROGRESS 39 

That surely is something to reflect about; The 
Leviathan, alongside her pter, occupies only one hundred 
feet of shore hne; the coast of Manhattan Island 
stretches mile after mile, so it is clear that millions of 
horse-power go unbndled along this water front, to say 
nothing of the waste along the far greater stretches of 
the harbor as a whole. 

What manner of tide machine could be devised to 
make this colossal power usable? In general terms, the 
answer is simple : What is required is an apparatus that 
can transform the energy of the slowly movmg tides 
into a form that could be stored and accumulated, or 
transmitted, for practical working use. 

Of course, gigantic pistons, geared to wheels, could 
readily enough be attached to floating docks, or ships in 
harbor; or faction devices could be made to turn this 
mass motion, caused by the tides, into heat But a stor- 
age vault for the heat is quite lacking, and storage 
vaults for electnaty are costly and inefiicient. 

Ckunpressed-air systems have been tested, but can 
hardly be made available on a large commercial scale. 
A slow-motion electnc generator, in combination with 
a cheap and really efficient electnc storage-battety 
system, is perhaps the clue to this billion-dollar puzzle. 

Incidentally, the perfected storage battery would have 
many and obvious uses for the storage of power gener- 
ated by other forms, of prime movers One of the great- 
est problems of every public-utihty power plant is to 
meet the fluctuating demand for the current it supplies 
— since the current must be used in the very moment of 
its production. Your perfected storige battery will be. 
welcomed by generating plants that now produce and 
distnbute annually no less than sixty-six billion kilowatt 
hours of electrical power. 
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But even that, in the present view, is only inadental. 
Your real opportunity hes in the development of a new 
motive force, in large measure to supplant the power 
systems of today, rather than to aid them. When costly 
coal IS burned to generate electnaty, 84 per cent of its 
potential power is lost; and the incandescent-light bulb 
wastes 95 per cent of the residual power that comes to it 
Waterfalls are hmited in number and in power. All 
told, if developed fully, they would supply but a frac- 
tion of the electric power required. 

The big modem power plants are being built at the 
mouths of the coal mmes, and the power there waste- 
fully produced is wastefully transmitted hundreds of 
miles to the seaboards, where mcalculable and inex- 
haustible supphes of energy go absolutely to waste with 
every osallation of the tides 

All this will be changed when the problem of a really 
effective tide machine is solved You need not be a sea- 
side dweller to tackle the problem The secret may just 
as well be sought in a workshop a thousand miles away 
from salt water. When it is found, and not before, water 
in motion will outrival coal as a source of working 
power 













V 

THE ONE-WAY HEAT PROBLEM 


M eantime, it is not impossible that coal, as a 
heat giver or motive force, may be challenged suc- 
cessfully from a quite different qucirter. If a material 
could be found, or developed, that would transmit heat 
in one direction only, the challenge would be mandatory. 
That statement reveals the next bilhon-dollar oppor- 
tunity I wish to bnng to your attention. 

A one-way heat material! That, you say, is a pipe 
dream. It calls for a substance havmg attnbutes of the 
miraculous. 

Even so, let us not abandon the dream without further 
challenge. Let us get back to our glass of water for 
experimental purposes. Suppose we imagine that the 
tumbler is made of such material, transmitting heat in- 
ward. Cover it tightly, and the water will boil presently 
as it stands there on the table It would still boil — tho 
not so soon, if you had packed the tumbler m ice. 

Now, pour the boihng water mto another receptacle 
of the same matenal, but reversed, so that the heat 
travels only outward. Put this receptacle of boiling water 
over the &e, if you wish. That vnll not keep it from 
freexing, ultimately. 

Boihng water on ice and freexing it over the fire 
would be novel expenences. Yet that could happen, if 
you invented a one-way-heatmg substance' 

Just think of its uses: You could cover your walls 
with It and your house will be cool in summer With 



46 WONDER BOOK OF WORLD'S PROGRESS 


the material reversed, it will heat itself in winter, re- 
gardless of outside weather — quite without fuel. No 
sudden changes, but a gradual and cumulative effect. 

Receptacles made of this material would serve either 
for fireless cookers or ice-cream freejers. Incandescent 
hght bulbs would need no electriaty if made of one- 
way-heat glass. Tho glowing with hght, they would be 
perfectly cool to the touch; yet a metalh'c rod, blown into 
the bulb (which inadcntally need not be a vacuum), 
might be exteriorly attached to an otherwise fuelless 
grid. Holding the bulb in your hand, you could use the 
metal for a soldenng iron. 

Here, among other things, would be one solution of 
the problem of cold light. The light-giving substance 
would not be cold, of course; but its heat would be 
shut in. 

Is any such magic one-way-heat matcnal known? Of 
course not. I am suggesting ^at you make a billion dol- 
lars by mventmg such a material. Conceivably, it might 
be done by the electric or magnetic treatment of some 
matenal — or of many materials, so as to make the sub- 
stance transmit heat in one direction or the opposite, 
alternately, at will of the manipulator, as we can reverse 
the flow of an electric current. 

On a larger scale, the material w'ould serve to make 
a steam boiler, for example, that would operate with- 
out a furnace, actuated only by heat from the atmos- 
phere; accentuated, if conditions permitted, by direct 
rays of the sun. 

Do you see the billion dollars in such a material? In 
this country alone it would supplant half a billion tons 
of coal. 

The clues? They bristle in any modem presentation 
of the interrelations of energy and matter. Heat may be 
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regarded as the basic, primordial energy, which mani- 
fests itself as static electricity and magnetism in the in- 
timate relations of protons and electrons; as chemical 
affinity in the interplay of atoms; as “temperature” in 
the interplay of molecules. 

We may measure all energies in terms of heat; and 
discuss heat m terms of matter. Professor Eddington tells 
us quite casually that the sun is givmg out 120 bilhon 
tons of heat annually (Incidentally, it is supposed to 
be heat hberated by the hydrogen-hehum process.) An- 
other phyaiast suggests that sunhght perhaps creates 
80,000 tons of matter (protons and electrons) annually 
here at the earth’s surface. 

Sir J. J Thomson, discoverer of the electron, con- 
ceives that energy which is the equivalent of heat may 
be transmitted in a solid by the shdmg of chains of elec- 
trons between rows of atoms arranged in the form of a 
lattice of crystal-hke structure. Might not the direction 
of such “shdmg” be controlled, as we control the elec- 
tron-flight we call an electric current? 

The fact that the “crystal detector" of the simplest 
radio receiver appears to let energy through in certain 
planes, and in one direction only, offers a worth-while 
clue. 

A dozen years or so ago, a schoolboy in Yonkers ob- 
served certam curious fluctuations m the receiving power 
of his home-made wireless apparatus. He mduced a reJa- 
five to bear the expense of tabng out a patent on the 
improved circuit he was led to devise A few years later 
the lad was famous as Major Armstrong, discoverer of 
the “feed-back” circuit; and it was currently reported 
that his first royalty check, after his boyhood patent had 
been validated in the courts, was for a half-million 
dollars. 
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I, for one, shall not be surprized if some lad who today 
IS similarly experimenting with a home-made radio set 
should ferret out a relation between electric currents 
and heat transmission that eventuates in the discovery 
of a one-way-heat material or method, the basic patent 
on which outvalues all the radio patents in existence, a 
hundred to one 

A pipe dream' Perhaps But all great inventions were 
pipe dreams at first. 



THE TRACTOR AS HANDY-MAN 









VI 

FACTORY-MADE GOLD 

M eantime, there arc other possibilities, quite 
different, but no less alluring, for which the study 
of your radio apparatus might put you in trainmg The 
making of a billion dollars' worth or so of the most 
merchantable of all commodities, gold itself, is among 
them. For the old problem of the alchemists is no longer 
a saentific heresy. 

On the contrary, the newest discovencs in phyacs 
make it clear that the creation of gold by transmutation 
is theoretically possible, even probable Moreover, they 
reveal the predse changes by which alhed elements, 
notably mercury, thallium, and lead, might be trans- 
formed into gold. 

Large atoms are built up, it appears, chiefly of helium 
atoms, but these m turn, as we know, are made of hydro- 
gen atoms, each of which consists solely of one proton 
and one dectron. In the last analysis, then, atoms may 
be considered as made solely of protons and electrons. 

All atoms are built on the same plan - a nucleus and 
an orbital region. All the protons are m the nucleus, and 
about half of these (in large atoms many more than half) 
are closely bound with electron mates It helps one better 
to visualize the conditions if one dunks of these as mar- 
ned protons, hving with their wives at the heart of the 
atomic colony. 

The remaining protons, unmated, may be thought of 
as a colony of bachelor protons, surrounding the mar- 
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ned quarters The number of bachelor protons in any 
atom determines absolutely the rank of the element, and, 
with that, the physical and chemical properties it pre- 
sents. 

For each bachelor proton, there is one spinster elec' 
tron in the outer orbit, circling at a distance, m a course 
of prescnbed character, hke the orbits of the earth and 
the other planets about the sun One or more of these 
spinster orbital electrons may be temporarily driven out- 
side Its atomic orbit without changing the essential 
character of the atom 

But if a bachelor proton moves out of his colony there 
is an amazmg transformation. 

To illustrate: There are exactly eighty bachelor pro- 
tons in the nuclear colony of every mercury atom m the 
world. The residents of the married colony, on the other 
hand, may vary to the extent of at least six couples with- 
out affecting the atomic status. But the loss of a single 
bachelor proton would change the mercury atom into 
gold; for any atom with seventy-nine bachelor protons 
IS the royal metal, and none other. 

But note this curious yet theoretically explicable 
anomaly; whereas, one or more mated couples might mi- 
grate from the married colony without changing the 
atomic status, yet the defection of one mated electron 
would be disastrous to the atomic autonomy — for the 
reason that the deserted husband would immediately 
move out to the bachelor colony, and thus add one to 
that company. The erstwhile mercury atom, with eighty- 
one bachelor protons on guard, changes into thallium. 

On the other hand, a similar marital misadventure 
in a gold colony will at once demote the gold atom into a 
mercury atom. 

Yet another way m which a mercury atom might be 
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transformed into a gold atom would be by having a 
wandenng spmster electron fly comet-wise near enough 
the nucleus to be seised on by a bachelor proton. After 
such marriage by capture, the newly-wedded pair would 
shift, naturally, to the married quarters, leaving only 
seventy-mne bachelors on guard — and thus again our 
mercury atom becomes gold 

This by no means exhausts the atomic possibilities. If 
you could persuade an atom of lead to throw out an 
electron from its nucleus, to be followed by two helium 
nuclei, the lead would be transformed mto pure gold. 

Or perhaps you might prefer to make the assault 
from the other side, attempting to build up a smaller 
atom into gold, instead of tearing down a larger one. 
Conceivably, an indium atom, m a helium atmosphere, 
amidst a tornado of electrons might have its magnetic 
conditions so disturbed that a hehum nucleus would be 
swept mto the iridium nucleus. Presto! No longer irid- 
ium, with seventy-seven bachelor protons, but gold, the 
royal metal; smee the helium nucleus carried the two 
necessary bachelor protons that turned the tnek. 

Conceivably, whatever the other conditions, some 
catalytic agent must appear on the scene to cause the 
new chemical to combine and exercise the strangely per- 
suasive influence of its kind. Some amateur radio-teleg- 
rapher, experimenting with high-frequency currents in 
vanous media, might acadentally discover such an agent, 
as Perkins discovered the secret of analin dyes when a 
student, while trymg to make synthetic quinine; or as 
Nobel discovered the way to make dynamite, through 
the chance observation of the dripping of a few drops 
of carelessly spdled collodion on the clay floor of bis 
workshop 

Each of these casual discoveries led to a bfllion-dollar 
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industry. But these industries had to be slowly devel- 
oped. Salesmanship was required to back the genius of 
invention 

With factory-made gold, the case would be quite 
different. You need but cart your manufactured gold to 
the mint, and by the process of stamping it becomes 
money. 

As a matter of fact, it isn't necessary that you manu- 
facture your gold or turn it into money. It will quite 
sufiSce to have discovered a method by which it can be 
manufactured, at a cost significantly less than the cost 
of mining natural gold. Prove that you can do this, and 
any government — even governments that are off the gold 
standard — will gladly give you a billion for your secret. 

Of course all governments will abandon gold as the 
standard yardstidc of values as rapidly as legislatures 
can be induced to function, after factory gold has flood- 
ed the market. But no such radical change as that can 
be achieved except by slow stages. You will have had 
your billion, and will have converted it into real prop- 
erty, long before the smash comes. 







ONE-OX POWER IRRIGATION IN CHINA 
MILLIONS OF HORSE POWER AT HOOVER DAM 





VII 

DIGGING FOR HEAT 

I T seems rather like an anticlimax to turn from atom 
juggling to work with even a glonfied pick and shovel 
But there is one other billion-dollar opportunity so al- 
luring that I must refer to it, even tho it concerns so 
prosaic a theme as the digging of a hole m the ground. 

I refer to the project of tapping the inexhaustible 
supply of heat that awaits release from the depths of 
the earth's crust. 

Everyone knows that the heat is there, but no one 
hitherto has shown us how to get in touch with it and 
let It do the major part of the world's work, as it well 
might. 

We labonously dig or bore mto the shell of the earth 
to get a limited supply of fuel If we were to bore a 
little deeper, we might tap an inexhaustible supply of 
heat 

Only a few thousand yards below the surface, the 
earth's intenor is everywhere a caldron of fire, or its 
equivalent Mostly sobd stone, no doubt; but stone so 
hot that It would turn water instantly into steam. 

Fortunately, our oceans are now blanketed from this 
furnace, else the earth would be unmhabitable. But here 
and there a leak occurs, as witness hot springs, spoutmg 
geysers, and volcanoes in action The fivc-miie plume of 
steam that occasionally hangs above old Vesuvius signals 
a billion-dollar opportunity to all the world 

Why has this opportunity been so long neglected^ 
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Chiefly, I suspect, because the supply of coal was nearer 
to hand. Maybe, if our penodical coal strikes had been 
longer and more effective, old Mother Necessity would 
have taken a hand, and before now the coal mines would 
have been as much out of date as wnndmills and over- 
shot water-wheels. 

Today men scramble for possession of milhon-dollar 
mines and oil wells, and quite ignore the billion-doliar 
furnace that lies beneath the meanest acre of the earth's 
surface — ^just as formerly they scrambled for milhon- 
dollar gold mines and neglected the billion-dollar alumi- 
num deposits beneath their very feet. 

Inadentally, the efforts of others to gain a lesser pnse 
give dues to this greater prize. In digging for oil, men 
have developed tools and methods that have earned them 
half-way toward the goal. 

The most successful oil drill has bored a hole to the 
depth of 7,745 feet. You have but to perfect a method 
of bonng, say, twice as deep, and the world is your 
orange 

When you “stnke heat,” you will tap a gusher po- 
tentially worth all the oil wells plus all the coal mines 
of the' world. The first spout of steam from your heat- 
well will signal a new economic era 

Oil wells that produce thirty billion gallons of fuel 
oil in this country alone in a year, and coal mines with 
an output of more than half a billion tons, will be poten- 
tially as much out of date as peat beds 

You may drive your heat-well in the handiest comer 
of your back yard, wherever you live — and the cars of 
millionaire manufacturers or their representatives will 
block the highways as they crowd to your door to bid 
for the right to use your method. 

Yours is the secret of inexhaustible power, witli no 
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cost beyond that of first installation — a discovery that 
may well cut the cost of production m half for a thou- 
sand important industries; that may shift whole popU' 
lations to new manufacturing centers, give the labor 
world a four-hour day and four-day week, and bring 
mankind a long step nearer the industrial millennium. 

Let us pause on that note. After all, what is mere 
money, compared with the contribution to human health 
and happiness that such a discovery connotes? Look at 
the matter in that light, and no mischance could rob you 
of your reward. 

If your basic patents held, you would be sure enough 
of the billion dollars But, in any event, you could count 
yourself, in the coin of human gratitude, at least a 
tnllionaire. 

Turn we now from these dreams of future possibilities 
to certain very salient practicalities of today 
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physical part of you. You can probably give a pretty 
good account of the essential parts of your motor car. 
Can you do as much for the vital organs of your own 
body? If you can, you are an unusual person. Yet it is 
very much worth while to know what you arc like, and 
how you worl^ tf you are to make an intelligent effort 
to keep yourself in health, and bid for length of years. 

Let me, then, present a bnef word picture of you, as 
you are seen through the eyes of a doctor who is (as 
most doctors are) something of a biologist and a student 
of evolution. 

It may shock you a little (or more than that) to be 
told at the outset that the really important part of you, 
m the scheme of Nature, is a pair of small sex glands 
But we must not blink the truth. No other part of you 
has any real significance, by and for itself Every other 
part of you is designed to aid this one essential part in 
imrrying out its function of race preservation. There is 
no other reason why you need a machine of bone and 
muscle to move you about in quest of food and a mate. 
Or why you need a digestive system to handle the food 
after you get it. Or a heart to pump blood to every 
comer of the body to nourish the remotest tissues. Or a 
brain to collect impressions and serve as chauffeur for 
the motor part of the body-machine that is you. 

But, having made that clear, wc need not further con- 
cern ourselves here with the sex glands. Our concern is 
with the body tissues which, even if subordmatc, arc 
absolutely essential, since the master tissue would be 
quite helpless without their aid. The macliinc of bone 
and muscle and digestive system and blood stream and 
heart, kidneys, lungs, brain, ct cetera, is the apparatus 
I wish to depict. This is the part of You that I wish to 
bring dearly to your attention. 
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At the outset, note that this body has two points of 
contact with the outside world One is the outside skin, 
with Its modified organs of special sense, the other is the 
inner skin, called mucous membrane, which lines the 
digestive tract. As these two surface covenngs meet and 
join at the onfices, the two together make a complete 
garment in which your vital organs and tissues arc 
encased. 

If you lacked the protection of this glovc'fitting outer 
and inner shield, you could not live a single day Myri- 
ads of germs would swarm into your living tissues and 
overwhelm them in a few hours. You are alive simply 
because, under ordmary circumstances, your skin and 
mucous membrane serve as an impregnable barncr 
against the invaders 

The outcr-skin surface of your body conLams the pores 
of myriads of sweat glands, which excrete some waste 
products and serve a highly miportant function in radi- 
ating heat to cool the body But it absorbs little of any- 
thing. Even virulent poisons, if non-corrosive, may be 
rubb^ against it harmlessly. 

The inner-skm surface, or mucous membrane of the 
digestive tract, on the other hand, is highly absorbent 
of hquids. And it is provided with glands that have the 
power to liquefy solids of certain types, so that their 
substance may be absorbed into the blood stream and 
become a part of the body tissues themselves The glands 
that perform this function are called digestive glands. 
The substances they act upon are called foods. Many 
substances that are not foods may also be liquefied and 
absorbed. Some of these are poisonous to the living tis- 
sues when they come in contact with them. Some foods 
may generate poisons in the digestive tract under ab- 
normal but not unusual conditions. 












WIRE-PHOTO: TRANSMITTING AND RECEIVING 
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Branching from the digestive tract, at the beginning 
of the throat, is a tube (c^ed the trachea) whidi leads 
to another dosed cavity that is divided into myriads of 
little saccules in the lungs. Here food of another type, 
the oxygen of the air we breathe, is absorbed mto the 
blood stream, to mmgle with the foodstuffs absorbed 
from the stomach and the intestinal walls. Jomtly, the 
supplies from these two sources — lungs and digestive 
tract — furnish material for the body fires that supply 
energy and for the rebuilding of vital tissues as they 
wear away under action. 

The lungs have a rather curious double function. Even 
as they supply oxygen to feed the body fires they are 
receiving from the blood and expelling from the body 
the familiar product of combustion called carbonic-aad 
gas. Were your lungs to fail, even for a single minute, 
to perform this double function, you would suffocate 
So imperative is the call for oxygen, and the need to 
get nd of the waste product, that your mind could not 
make your bellows -muscles of nbs and diaphragm- 
cease to operate the lungs, however hard it might try. 
Nature has not made the mistake of placing your life 
tenure at the discretion of any part of you. 

Certain other waste products of combustion of your 
body tissues are earned by the blood to your kidneys 
and are there excreted in the urine. It is essential to life 
that these substances also should be promptly removed 
from your blood stream — just as ashes and clinkers must 
be removed from a furnace or combustion products from 
the cylinders of your automobile engine. The matter is 
so vital that two kidneys have been provided, either one 
of which could do the work. Should both become in- 
capable of working, you could not contmue to live. 
Needless to say. your conscious mind has no direct con 
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trol over the action of the kidneys. But sluggish action 
or diseased condition of these organs may clearly — and 
most unpleasantly— register effects on your mind — such 
as a sense of ill-being, pain, drowsiness or complete 
stupor. 

Something about your heart you, of course, know. 
You are perhaps aware that it is a marvelous four- 
chambered pump, the left side of which handles arterial 
blood, oxygen-charged, from the lungs; while the right 
side receives venous blood from the tissues and propels 
It through the lungs You know also that the large ar- 
teries from the heart divide and branch into smaller and 
smaller tnbutanes, called artenoles, and finally into a 
meshwork of infinitely small capillanes that bathe the 
remotest cells of every tissue 

The red corpuscles that carry oxygen arc known to 
you at least by name And you have doubtless heard of 
one type of white corpuscles, or leucocytes, famed as the’ 
defensive army that guards your tissues against the in- 
vasion of microbes The four or five other types of white 
corpuscles you perhaps have hardly heard even named. 
Nor do you know much, probably, about the amazing 
factory-, situated largely m the marrow- of your bones, 
in which the red blood corpuscles are turned out at the 
rate of about one hundred billion per second of a 24- 
hour day. 

In the eyes of the physiologist, the blood is a tissue 
It is a more liquid, and therefore more mobile, tissue 
than others, because that condition is necessary in order 
that it may perform its function of conveying materials 
of many kinds from one part of the body to another, 
thus forming a channel of communication between other 
tissues and the organs that they compose. 

But the blood must not be thought of as merely a 
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liqiud. Its watery part gives it mobility; but its physical 
and chemical functions are chiefly earned out by the 
parts of it that have structure, or solidarity. There arc, 
for example, upward of three hundred quadrillion red 
blood corpuscles in the blood stream of an averagc'sized 
human bring. Each of these is visible as an individual 
cell under low powers of the microscope. Each is an 
mdividual thmg that has an independent hfe, being bom 
in the bone marrow and going to ultimate dissolution 
m the liver; with an average life-penod of about thirty 
days. 

Lackmg these corpuscles the blood could not function 
as the earner of oxygen to the tissues; nor could the 
system free itself without their aid from sundry toxic 
products that m one way and another get into the body. 

Then there are the white corpuscles; less numerous 
than the red, yet numbering several thousand to every 
cubic millimeter of blood. There are at least five types 
of these corpuscles, each, of course, with a definite func- 
tion. jointly they guard the body against the invasion 
of such foreign bodies as malignant bactena. Some of 
them hterally cat and digest microbes of disease that in- 
vade the body; others deal with invaders of different 
types, such as molecules of foreign protems that are not 
supposed to get through the intestinal wall unbroken, 
but not infrequently do so and become poisonous agents 
agamst which the white corpuscles must give protection 

On other occasions the white corpuscles are mobilued 
to attack obnoxious cellular tissues that develop within 
the body itself, and which would grow mto cancerous 
masses if not nipped m the bud. On yet other occasions 
white corpuscles are mobilized at the site of an injury — 
say, a kmfe wound — to guard against bacterial invasion 
and to supply matenals for repair and healing. ' 



74 WONDER BOOK OF WORLD'S PROGRESS 


Each white corpuscle is in itself effectively a living 
organism, provided with a nucleus and capable of mov- 
ing from place to place under its own power, so to 
speak. But the army of corpuscles as a whole could not 
be mobilized fast enough to meet emergencies were not 
the individuals swept dong in the liquid blood stream. 
With predsion that suggests intelligence, adequate mil- 
hons of individuals leave the procession at the point 
where they arc needed and mass themselves mto platoons 
of defense. Their seemingly intelligent mobilization and 
mass movement suggests inevitably the activities of an 
army of defense. 

The other constituents of the blood stream arc not 
visible, even under the microscope, but may be revealed 
by chemical methods. Blood chemistry is of the utmost 
importance. The blood stream at one tunc or another 
contains every material that is used in the building or 
functioning of all tissues of the body; as well as every 
type of waste product that results from such functioning. 

As a matter of course, the quantity and quality of 
some of the matenals dissolved in the blood stream vary 
from hour to hour, if for no other reason than because 
we take food at intervals. While the digestion of a 
hearty meal is under way, the quantity of the products 
of digestion entcringthcblood stream naturally increases. 
Yet the change is not as rapid or as great as might per- 
haps be expected; both because of the relatively slow 
process of digestion and absorption and because of the 
relatively rapid handling of the food pabulum by the 
ultimate tissues. Cells in need of food quickly select the 
materials suited to their needs, and the organs of elimi- 
nation promptly set about filtering the waste products 
out of the blood stream. 

Prompt action in both respects is essential, as the 
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blood stream would otherwise become clogged with ex- 
cess quantities of glucose, fatty adds and proteins, on 
the one hand, and urea, uric acid, creatinin and car- 
bonic aad, on the other Even under normal conditions, 
a certain amount of overcrowdmg of the blood stream 
freightage does occur — as anyone who has felt drowsy 
after a hearty meal can testify from his own expenence 

The rapidity with which the tissues handle the food- 
stuffs supplied them and the degree of activity of the 
organs of elimination, as tested by chemical analysis of 
the blood under vaned conditions of eating or fasting, 
furnish valuable diagnostic signs, records of average con- 
ditions of normal persons in health being, of course, 
available for companson. Thus the amount of glucose m 
the blood stream gives definite clues to the condition of 
the interstitial cells of the pancreas, which secrete into 
the blood the hormone insulin, the regulator of sugar 
metabolism. 

But while physical exammation, especially with the 
microscope, and ordinary chemical an jysis reveal num- 
berless secrets of blood constitution m health and in 
disease, there are certam intimacies of personality, so to 
speak, that cannot thus be investigated A certain indi- 
vidual may have, for example, a so-called anaphylactic 
condition of "sensitization” to a particular type of pro 
tein, from having had a minute quantity of that protein 
introduced into his blood stream perhaps some years 
earlier No chemical test with conventional reagents 
would give a suggestion of modification of the blood; 
and yet the injection of a drop of a dilute solution of 
the protem m question may result in an almost instan- 
taneous manifestation of toxic symptoms These symp- 
toms may vary from such minor reflex acts as sneezing 
and yawning to intense pains and total collapse. 
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A food protein, like the casein of milk or the albumen 
of egg, may produce such sensitization. To the sensitized 
individual, this wholesome protein then takes on some- 
thing of the quality of snake venom. Milder degrees of 
sensitization account for the susceptibility of some indi- 
viduals to the pollen of plants (a protein substance) 
Of the same ongin are the asthmatic attacks which some 
persons experience from eating this, that or the other 
protein foexi of unchallengeable general wholesomeness; 
or even from casual contact with the hair of a cat or 
feathers in a pillow, or the chance inhalation of dust 
bearing some infinitesimal trace of the particular protein 
which to that individual is anathema; or the pollen of 
plants, as m “hay fever.” 

Such phenomena suggest that very minute changes of 
blood or tissue may permanently modify a human per- 
sonality. That the very life of an mdividual might hang 
on so slender a thread seems almost incredible, but there 
is other evidence of the appalling power of almost un- 
believshly minute qusntities of matter in operation on 
the human organism. 

Thus, tests show that a marked effect on the whole 
orgamsm is shown when adrenalin, extracted from the 
suprarenal capsules, is introduced into the blood stream 
to the amount of one part in four hundred million. And 
it is said that a product has been isolated from the pitui- 
tary gland that is a thousand times more potent even 
than that. An ounce of this substance. Professor Hos- 
kins estimates (borrowing, he says, an illustration from 
Ludin), would give potency to every drop of water in 
a series of dOO-gallon tanks placed twenty feet apart for 
a distance of five thousand miles. 

This sounds fantastic. But it is an estimate based on 
carefully devised tests on animals and supported by a 
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host of allied observations on the human patient. The 
influence of the hormones would be weird in any event; 
but the effects savor of magic when we note the absurd 
disproportion between the quantity of substance in- 
volved and the magmtude of its effects. 

Thus Professor Hoskins is able to say of thyroxin, the 
essential hormone isolated from the thyroid gland, that 
“one gram of it would roughly cause any of us to live 
a third faster than we should in complete absence of 
the thyroid gland,” adding that the total amount of 
thyroxin circulating in the body at one time is only 
about one-fourth of a grain, and that three and a half 
grains suffice to keep an individual in health for an en- 
tire year. “But this small pinch of thyroxin spells all the 
difference between imbeedity and normal health." 

As to the brain, which may fairly be called the organ 
of thought, even tho it be demed the title of exclusive 
organ of mwd, two or three interesting things should 
be noted. 

One is that the manner of distnbution of the blood 
supply in the brain is unique. Each localized region is 
supplied by a meshwbrk of loops from a smgle artenal 
stem — ^in effect a dosed circuit. As the arteries have the 
power to contract, the blood supply of one region may 
be greatly reduced m order that the supply of another 
region may be mcreased. So it would appear that, in 
order to flush all parts of the bram, activities of differ- 
ent types must sequentially be indulged. This perhaps 
cxplams the obser^tion that versatility of mental ap- 
plication tends to give mental health and apparently 
conduces to length of life — as evidenced by the histones 
of a long list of notables who have lived into the eighties 
and nineties. 

A second significant fact about the brain, somewhat 
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recently observed, is that it apparently never degenerates 
in such wise as to cause the type of mental impairment 
known as senile dementia (uncomplicated by syphilitic 
or alcohohc poisoning) except where the arteries have 
hardened — thus making impossible the normal flexibility 
of the cerebral circulation. 

We learn that hardening of the arteries is one of the 
consequences of certain infringements of the laws of 
health. It is, in other words, a self'imposed condition. 
It has long been said, half facetiously, that a man is 
physically “as old as his arteries.” In the light of the new 
inference it would appear that the saying has a force 
hitherto unsuspected. It begins to be apparent that the 
mental decay which has been supposed to be a natural 
concomitant of age is, instead, an evidence of physical 
abnormality 

This obs^ation, and the evidence given by hundreds 
of very old persons whose healthy arteries permit their 
minds to retain the vigor and resourcefulness of youth, 
justifies the conclusion that you ^d I, if we live hygieo' 
ically, may confidently expect to retain full mental vigor 
as long as we live. 

About the most pitiful fate that can befall a human 
being is to become feeble in mind — to lapse into “second 
childhood.” Who could wish to live to be old, if old age 
necessarily implied mental senility? The realization that 
there is no necessary assoaation between the two, and 
that he who makes a sane bid for length of years bids 
at the same time for permanent alertness of mind, should 
prove a new incentive to right living. 

A young man may say and beh'eve that he prefers 
present indulgence to the prospect of long life. He may 
believe now that he does not care to live to be very old. 
But no sane person with a trace of imagination dare 



WONDER BOOK OF WORLD’S PROGRESS 79 

affirm that he could complacently face the prospect of 
a future term of years when he will be half alive — when 
the mentality that alone made him count as a person is 
utterly and forever lost. 

The way to avoid that danger is to deal fairly, in your 
early years, with the body that is You. 
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LUIGI CORNARO: PORTRAIT BY TINTORETTO 



IX 

EATING TO LIVE 


T he most successful dietitian who ever lived was 
contemporary of Christopher Columbus. I make thi« 
appraisal on the assumption that the object of giving heed 
to one’s diet is to insure good health from year to yeaf 
and long life. The man of whom I speak made so goocl 
a selection that he enjoyed superb health and correspond' 
ing buoyancy of spirit to the day of his death — ^whicfi 
occurred in his nmety-nmlh year. 

Do not for a moment suppose that this was just J 
matter of bemg bom with a good constitution. Far from 
it. Count Luigi Comaro — the Venetian nobleman tc> 
whom I refer — himself records that he had so feeble a 
constitution to begin with, and had so impaired it by 
bis. ea.’ifet tVat. 'hVr.w W 'wia "ifesssS- 
thirty-five years old his life was despaired of. But he 
had the “will to live,” so he turned about-face, made e 
hobby of diet and personal hygiene, and soon became e 
“new man.” He continued to be a new man for almost 
sixty-five years thereafter. 

Comaro tells us himself that at ninety-five he wa5 
vigorous of body, alert of mind and savoring what he 
considered the good things of life far better than he had 
done in his youth. 

“I never knew what beauty was till I was old,” he 
declared. His book might be called a panegyric on th^ 
joys of the later decades of life, which only a few meri 
in any generation are wise enough to secure. And he 

St 
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spoke by the card. For at eighty-three, when he wrote 
the first part of his book on the art of living, he was 
able to mount his horse unaided and continued to pursue 
his favorite pastime of hunting; he often wrote with his 
own hand eight hours at a stretch, composing not merely 
the book in question, but treatises on architecture, scien- 
tific agnculture and engineering, and wrote a comedy. 

Nor was he a mere theorist or dilettante. His palaces 
at Padua, after his own plans, were notable examples 
of Renaissance architecture. His engineering plans in- 
volved large-scale modifications of the defenses of Venice 
and the draimng of extensive marshes to augment the 
agricultural resources of the dty. On a smaller but still 
expansive scale, he drained marshes on his own estate 
at Padua, and by cultivatmg what had been waste land 
recouped fortunes endangered by mistakes of his own 
grandchildren. In a word, his activities were unflagging, 
and the way he desenbes them gives evidence of enthu- 
siasm and zest in living that can only be described as 
boyish, tho he who made the record was a nonagenarian. 

The point of all this is that Comaro did not just 
"happen” to be alive and active m his mnth decade. He 
had purchased old age, and paid a definite and tangible 
price. He believed tnat anyone might make the same 
bargain. He wrote his book to tell just what the terms 
of the bargain must be. He believed that many people 
might expect a longer term of years than he could pur- 
chase, because others had better natural equipment. His 
own constitution, he declared, was so feeble and had 
been so much impaired in addition by early dissipations 
that he could not well hope to live beyond a hundred 
years People of better constitution, if they would fol- 
low his method, might attain, he believed, something like 
a hundred and twenty years. 
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The important point, however, is that this man, who 
seemed doomed before forty, restored himself to health 
and gained more than sixty additional years of buoyant 
life by a defimte and explicit practise of a formula for 
long'hving. 

It is particularly worth recalling that the age in which 
this centenanan hved was one in which many men were 
eagerly searching for what was variously termed the 
Fountain of Youth, the Philosopher's Stone, and the 
Elixir Vita — the magic formula or substance, generally 
believed somewhere to exist, that would give man peren- 
mal youth, or at least great length of days, if not actual 
immortality. Every schoobchild has been told of the voy- 
age of Ponce de Le6n m quest of the magic fountain. 
Most readers have heard the name of Paracelsus, who 
sought the Eluar of Life m the laboratory — and thought 
he had found it when he learned from the Arabians the 
tnck of distilling alcohol. These were merely outstand- 
ing examples among thousands of seekers 

Both these men were part-contemporaries of Comaro. 
That IS to say, there was a period when all three were 
living. But the hfetimes of the two unsuccessful search- 
ers, added together, barely matched the single bfetime of 
the one who succeeded. Had Ponce de Le6n turned his 
boat eastward, through the Mediterranean, instead of 
toward Florida, and had Paracelsus made a short trans- 
alpine journey, they might have had for the askmg, from 
the lips of the erstwhile mvalid of Vemce and Padua, 
the secret that eluded them. Then Ponce de Le6n need 
not have died of a poisoned arrow at fifty-two, nor 
Paracelsus of an overdose of alcohol at forty-eight. 

There is not the slightest probability that either of 
the seekers whose quests of the elixir of life brought 
them early deaths would have paid any attention to 
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Comaro’s life-giving formula had they heard of it. For 
that formula — and now the secret is out — revealed no 
magic draft of fountain or abracadabra of ritual. It was 
a negative formula — and therefore totally devoid of 
advertismg value. What the world wanted — and still 
wants — 16 a necromantic p'hilter, to be dispensed at a 
high pnce, in a vial; a miracle-working potion, which 
penmts one to transgress every law of health and suffer 
no untoward consequences. 

Comaro’s formula was far from being such a wonder- 
worker as that It did, indeed, work wonders of physical 
and mental rejuvenation, and it gave length of years 
beyond precedent. But it was nothing that could be 
bought directly for money. It called for no incantations. 
It was no secret to be revealed in whispers. The whole 
thing could be revealed in two simple words: 

Live temperately! 

Yes; that is all. That was the magic formula that 
transformed a moribund invalid into a vigorous, healthy, 
joyous personality; and kept the practitioner of the for- 
mula alive for nearly thirty years beyond the alotted 
three score and ten. An absurdly simple formula, surely. 
But an expliat formula, as we shall see in a moment. 
And a formula that cannot possibly be laughed off, 
because it worked so amazingly 

At the outset, let it be clearly understood that, tho 
he deals largely with the matter of diet, this long-liver 
was no food faddist. He never made the mistake of as- 
suming that the diet he had found so admirably suited 
to his own needs would meet the needs of everybody 
else. On the contrary, he explicitly states that everyone 
must find out for himself j'ust what foods are best for 
him, individually. “No man can be a perfect physician 
exceot for himself," was one of his maxims. His phrase 
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is perhaps the forerunner of the familiar; After forty 
a man is a fool or his own physician — a half-truth worth 
considering when diet is in question. 

Comaro tested his own needs with scientific — or per- 
haps we should say psychological — precision. He first 
made the tentative assumption that foods a person likes 
are the ones his system requires But he soon found this 
idea fallacious. He liked salads and fiish and pastries and 
fruit and wine, and he could take none of them with- 
out unpleasant results. He finally settled on a ration 
which served so well that in a few months he became 
a “new man,” free from ills of any kind. Soon he came 
to regard himself as immune to every type of malady — 
and his record of sixty-odd years of abounding health 
seems to justify the appraisal. 

The ration that served so well was exceedingly simple. 
It consisted of bread, bread soup, eggs and meat (usually 
veal, lamb or kid) Later in life, a certain amount of fish. 
Apparently no vegetables or fruits. 

At first glance, that seems not merely a meager, but a 
doubtfully adequate, food supply. Analysis shows, how- 
ever, that It meets nearly all theoretical requirements. 
We may assume that the bread was made from whole- 
grain flour. So It supplied mineral salts and vitamin B. 
Eggs supphcd vitamins A, D, and E and G. Meat sup- 
plied iron and phosphorus. Only vitamin C is unrep- 
resented; and as to that, I shall say something more in 
a moment. 

Theones aside, this diet did suffice to keep one man 
alive and in health almost to the century mark. For him 
it was a good diet. But did it really have the share he 
ascribed to it in prolonging his life? And if it did, why 
has not a similar diet made thousands of other centena- 
rians? A natural question, certainly; for millions of 
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He regarded this as an individual pecub'arity, and did 
not think of condemning wine as a beverage for people 
in general. To the end he regarded his “new wine” as 
the "milk of old age.” But his own words, as just inter 
preted, make it clear that this appraisal has nothing to 
do with alcohol. Needless to say, he makes no reference 
to alcohol, as such, for this “essence” was at that time 
hardly known outside the laboratories of the alchemists. 

A moment ago I suggested that the “new wine” of 
Comaro probably supplied a small amount of energy 
food, in the form of grape sugar. This can hardly have 
added more than 250 calories or so at best. So the total 
fuel supply was lower than what is commonly considered 
normal, TTie result proved that it was adequate. But it 
certainly left no residue to be stored as fat The extant 
portrait of Comaro, by Tintoretto, shows him as very 
thin But that testimonial was not needed. He could not 
have been otherwise on his diet of twelve ounces of 
solid food and fourteen ounces of grape juice. 

In the final analysis, then, it appears that the really 
essential particulanty of Comaro ’s diet was its sparse- 
ness He had to have proteins and carbohydrates and 
fats, of course; also, mineral salts and vitamins. But 
many foods other than the ones he used might have 
met these requirements. For example, milk instead of 
meat; vegetables instead of bread, and so on. Any 
ordinary table supplies all the essentials. 

But the desideratum is, not what is taken — but what 
is not taken. Comaro himself quotes an old maxim or 
two worth repeating: “Whoso would eat much must 
cat little.” “The food we eat does not do us so much 
good as that which we do not cat.” 

These arc age-old maxims, but the man who heeds 
them is one man in ten thousand. 







DRYING AND ROASTING COFFEE 


X 


DRUGS THAT ENTICE 

W HAT about alcohol? What about tobacco? What 
about tea and coffee? Few questions are oftener 
asked of a physiaan by his patients Few are more dif- 
ficult to answer categorically And few things are more 
certain than that the patient will give very little heed to 
the answers, whatever their import. Or perhaps that is 
not quite the way to state the case. The patient will 
listen eagerly, and for the moment intend to follow 
whatever advice is given him But if admomtion runs 
counter to his habits of long estabhshment, he will have 
no option but to make obeisance to habit and shelve the 
new inclination 

It IS not worth while, therefore, to waste much space 
on admonitions as to the use of the famed solacers of 
appetite, individually or collectively. Everybody knows 
that their use is not conducive to added health. Every- 
body knows that athletes in trainmg are not permitted 
to smoke, are rarely permitted to touch alcohol in any 
form, and are usually advised to give up tea and coffee 
as well. In a word, everybody knows that the consensus 
among practical students of the problem of helpmg the 
body -machine to function at and above par is that artifi- 
cial stimulants do not help, quite the contrary. 

No one disputes the injurious effects of alcohol in 
excess. No one doubts that it is easy to exceed the harm- 
less minimum, if such minimum there be. No one who 
has long used tobacco doubts that at times its effects are 
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other than beneficial. There are few habitual smokers 
who have not at one time or another — and usually 
many times — ^“swom off,” or at least resolved to cut 
down on the number of cigars or dgarets for a penod. 
There are thousands of smokers who have learned that 
they must choose between tobacco and alarming symp' 
toms of heart disturbance. 

But what of all that? What of statistics of life in- 
surance companies, which show that users of alcohol are 
not as good risks as abstainers? What of medical testi- 
mony to the share of alcohol in the causation of maladies 
of liver, kidneys, artenes, heart? What, in short, of the 
aggregate experience of mankind as to the relation be- 
tween alcohol and tobacco, on the one hand, and health 
of the human organism, on the other? What bearing 
have these things, individually or collectively, on the 
problem of longevity, as applied to the average individ- 
ual human being? 

The answer is simple: They have no bearing what- 
soever. The average individual will continue to take al- 
cohol and to use tobacco and the other solacers; or he 
will avoid one or the other or all of them, regardless of 
advice, admonition or evidence, just as he always has 
done. So why waste words over the matter? 

It is true that I have in the past wasted a good many 
words on the subj’ect. Once I even wrote a book about 
it. Here, however, I shall not even summarize the evi- 
dence. I shall merely make a brief statement of personal 
experience. 

In 1884, when I graduated in medicine, the alcohol 
problem was just as much bruited and mooted as it is 
today. My own attitude toward the subject was one of 
critical neutrality. If alcohol would help my heart to 
keep on running, I intended to use it. If not, I should 
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give it a wide berth. The evidence before me was incon- 
clusive, and my two chief authonties were divided. My 
father had used alcohol in his practise, and believed he 
had saved the lives of many patients (notably diphthena 
cases) with it. He had taken whisky in extreme modera- 
tion, as a regular medicament to stimulate his heart, for 
several years before his death. 

Meantime the most famous physician I had known, 
Dr. Nathan S Davis, dean of the faculty at North- 
western Umversity Medical School, where I took my 
degree, was a notable opponent of the use of alcohol in 
any form. He declared emphatically that alcohol had no 
place in medicme 

How was a novice to decide when his two mam au- 
thonties so radically disagreed? The answer I found 
was: Investigate for yourself At the outset, I recalled 
that alcohol had not kept my father ahve, but had per- 
mitted his heart to stop beating suddenly when he was 
only fifty-seven; whereas Dr. Davis, when I knew him, 
was robust at seventy-odd (he hved to be eighty-seven) 
This, of course, proved notmng; but it was at least sug- 
gestive. Personal tests proved negative. But m the ensu- 
ing ten years I had opportunity to make observations 
that ultimately seemed convincmg. I was successively a 
general practitioner in an Iowa town, assistant physiaan 
and pathologist in three large hospitals for the msane, 
medical supenntendent of one of the largest general 
hospitals in the world, and a psychiatnst in private prac- 
tise in New York City. 

After I had treated a few hundred, and professionally 
observed several thousand, cases of alcohohsm, ranging 
from delirium tremens to chronic and incurable alcoholic 
dementia, and had personally performed a few score 
autopsies that revealed atrophied brains or cirrhotic 
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livers or degenerated kidneys ascribable to alcohol, I 
was able clearly to decide that I, personally, could get 
along without alcoholic beverages. Subsequent investiga- 
tions of another type served only to sustain the convic- 
tion that alcohol is not an essential medicament in any 
quantity, and that it is an insidious and deadly poison 
when used habitually m moderate quantity. No one 
needs to be told what it is when used in excess. 

Whether or not the pleasure to be derived from the 
use of alcohohc beverages outweighs the danger is a 
matter for individual decision. If you find life worth 
hvmg, and would like to make a bid for as much of it 
as possible, you will do well to think twice before you 
allow yourself to become a votary of the alcohol habit 
Drug habits of any kind are exceedingly hard to break 
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XI 

EXERCISE AND HEALTH 


P DOD and exerase are correlatives. You obviously 
cannot exercise without help of the energy supplied 
by food And every movement you make calls for more 
food to meet the energy exhaustion involved. By merely 
raising your arm during a test for basal metabolism, you 
increase the oxygen consumption measurably. And, of 
course, every more strenuous movement multiplies the 
effect. The sole function of food, in the last analysis, is 
found to be the supplying of energy for physical move- 
ments, on one hand, and 3ie atomic movements we term 
chemical activities, on the other, and these two forms of 
movement are indissolubly associated. 

In selecting foods, we endeavor to supply the body- 
laboratory with chemicals for favorable reactions In 
performing voluntary exercise we do nothing more at 
first hand than to cause muscles to contract; but the 
ulterior effect is to fadhtate arculation of the blood, 
and promote an indefimte senes of chemical reactions 
involving, first and last, every tissue of the body 

It IS rather startling to reflect that, of all the myriad 
activities of the body, only a smgle type of action is 
under voluntary control. Much as we pnde ourselves on 
being creatures of intelligence — “thinking” animals — 
our activities, physical and chemical, are in the main 
purely instinctive and entirely beyond consdous control 
by our vaunted “minds." The only thing in the wide 
world we can do to prove that we have consdousness or 
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minds is to cause the contraction of a muscle or group 
of muscles. And this capacity is shared by practically 
every member of the animal kingdom; so we should not 
greatly plume ourselves on that achievement. 

Our present concern, however, is not with such phil- 
osophical whimsicahties as these, but with the practical 
results of voluntary physical movement in their bearing 
on the chemical activities of the body which, in accord- 
ance as they are performed well or ill, give us health and 
mvite happiness or condemn us to illness and sufiFering. 
In particular we have to make inquiry as to the kind 
and degree of exercise best calculated to promote bodily 
welfare. 

Let me say at the outset that all my life I have been 
an enthusiastic advocate of the health-giving value of 
exercise and a zealous practitioner of what I have 
preached. If I praised boxmg and wrestling, it was be- 
cause I had personal expenence of their benefits; and I 
still praise them because, at a time when I am far beyond 
the competitive period, I still feel the aftermath of mid- 
dle-life athletic practises that gave a tone and an elastic- 
ity to my muscles, that they have by no means altogether 
lost, and contributed to a buoyancy of mind, zest in the 
pursuit of every task and capacity for intensive applica- 
tion that are unabated. 

I speak m particular of competitive sports, because I 
believe that the full benefits of exercise are to be attained 
only when the mental elements involved in competition 
supplement the mere muscular movements that set the 
heart beating more vigorously and the blood pulsing. 
Merely to raise dumbbells or work pulley machines is 
better than not to exercise vigorously at all, but only 
one stage better. Moreover, most of us lack the kind of 
pertinacity that will keep us at such ungrateful tasks 
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long enough or persistently enough to gain even the 
purely physical benefits of exerdse. 

On the other hand, it is not to be denied that physical 
contrivances have their place; notably because they can 
be used at any time and anywhere, without breaking 
significantly on the day’s work. I have always made it 
a practise to keep a pair of fifteen-pound dumbbells on 
my desk, to be swung now and then for two or three 
minutes at a time, if only to neutralize the inertia of 
long sitting. Much more generally, however, I have 
practised a system of what might be called “self-competi' 
tion,” which I devised (and published) while I was still 
a young man. 

The method — which I commend to the attention of 
all desk workers — consists m opposing one set of muscles 
to another, by clasping the hands together, either before 
or behind the body, and thrusting them m every possible 
direction, constantly resisting every movement or at' 
tempted movement of one hand with an attempted 
countet'movement of the other By clasping the hands 
behind the head, the muscles of neck and torso are 
brought into the scheme of action; and, with a little in- 
genuity in posturing, you will find it possible to involve 
the abdominal musdes, which perhaps most of all are 
in need of your attention. 

Notwithstanding what I said about competition, there 
have been periods of my life when ofBce work claimed 
my attention too imperiously to permit time for planned 
recreation, and I have kept myself in fair physical trim 
chiefly by the procedures just outlined, even when for 
months together I indulged in no more tangible exercise 
— not even walking, on the average, so much as a quar- 
ter of a mile in a day. And I still use the method fre- 
quently, when I have no opportunity for out-of-door 



WONDER BOOK OF WORLD’S PROGRESS 117 


work with spade or ax — as, for example, when touring 
m an automobile; even, with modifications, while hold- 
ing the steering wheel. 

Such mild exercise as this, calhng for very few calo- 
nes of energy, would naturally fail to meet the require- 
ments of health unless you restrict the amount of fuel 
food eaten. This very important relation between food 
and exerase, to which reference has previously been 
made, may advantageously be stressed, for it is often 
overlooked The question of how much exercise you 
need cannot be answered without consideration of the 
question of how much food you eat 

If you hve abstemiously, supplying your body not much 
fuel beyond the basic minimum requirement, you need 
exercise only enough to keep the muscles in tone. But if 
you habitually eat a good deal more than enough food 
to meet the basic requirement, you must take correspond- 
mgly more exerase in order to keep in similar condition. 
That may seem an almost axiomatic statement of fact, 
but in reality it is a truth seldom realized or acted on. 
People are forever prating about needing more exerase, 
and not bang able to find time for it, when what they 
really need is less food They are quite smcerely unaware 
that they could balance their health ledger as effectively 
by eating less as by exercising more. 

The person who habitually overeats, and takes up 
some violent form of exerase to keep himself in health, 
IS acting rationally, perhaps, but he is not adopting the 
simplest procedure He could save time and money, and 
usually get better results, by merely cutting down his 
food budget 

At least that is true so far as the mere physical effects 
are concerned There is, however, another element in 
most exerases, and in all competitive games, which must 
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on no account be overlooked. This is the mental element. 
By and large, that is the more important part of the 
project. Many players of games gain weight instead of 
losing It, and are no better off phj'sically after a long 
term of exercising than at its beginning. But to complete 
the story it should be added that the exerdser may none 
the less have been greatly benefited by his experience. 
To match strength, skill and endurance against a com- 
petitor implies exercising the brain no less than the 
muscles. And it is likely that the brain needed the 
exercise more than the muscles needed it 

Viewed in this light, exercise takes on new impor- 
tance, and It no longer seems a matter of indifference as 
to what form of exerdse is taken. Your individual 
temperament and tastes must be considered. 

If, for instance, you are a lover of Nature, you could 
ask no better exerasc than you may gain by wandering 
over the hills and through the woods. Trees, flowers, 
wildlings of many kinds delight your eye and arouse a 
never-ending sequence of pleasurable emotions. A 
chance glimpse of a rare warbler in a trcctop — a thumb- 
sized fairy called Parula, for example — may make this, 
for you, a red-letter day, to be forever memorable. The 
physical exercise of walking has added a modest incre- 
ment to your store of health; but the emotional experi- 
ence has veritably broadened and lengthened yoUr life. 

Yet another person, of different tastes, having pre- 
cisely the same outward experience, would have been 
simply bored. The benefit to his body would have been 
negligible, and the effect on his mind worse than negligi- 
ble. For him, the only walk that could bring benefits 
comparable to yours would be a tour of the links, obliv- 
ious of everything but a small white ball, and with no 
desire on earth but to break under ninety. 
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For this enthusiast, golf is a splendid game -fine 
exercise and supreme mental enchantment. Yet here is a 
third individual for whom golf would represent excru' 
dating punishment. To get pleasure out of exercise, this 
person must have a racket in his hand, or perhaps a fish- 
pole or a paddle or a gun Or he may yearn to feel 
his hands encased in boxing gloves, or to come to grips 
barehanded with an opponent on the wrestling mat He 
may even get more pleasure out of hoisting dumbbells 
and swingmg Indian clubs than he could gain from any 
outdoor recreation or two-sided game whatsoever 
Every man to his taste. And the present point is that 
only by selecting some form of exercise or game that docs 
suit your taste can you hope to derive full benefit from 
muscular exertion. Exerase that us only another form 
of work IS of doubtful value to your body and worse 
than valueless for your mind 
You must not forget, however, that a game which at 
first seems boresome may become fascinating when you 
have attained a certain measure of skill in its pursuit 
My own maxim has always been to make personal tnal 
of every game before pronounang a verdict on it My 
personal taste runs to strenuous exercise, with a com- 
petent opponent in front of you to counter every move 
and keep your wits ever on the alert But having said 
that, I restrain the impulse to indite a panegyric on the 
ideal exercise. I content myself with repeating, “Every 
man to his taste,” and with presentation of a general 
formula that plays no favorites. 

The ideal exercise for you is anything that commands 
your interest, earned to a point that stimulates the cir 
culation and bnngs the perspiration, but not to the point 
of fatigue from which you do not quic'ily recover Tb.it 
IS the formula 
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Here I am speaking to the normal individual It goes 
without saying that anyone who has reason to question 
the condition of his heart or glandular system should not 
undertake violent exerase, competitive or otherwise, 
without advice from his physiaan. It may be added, 
however, that heart speaahsts nowadays are likely to be 
firm advocates of exercise, and often prescnbe even com- 
petitive sports of less strenuous type for patients having 
organic lesions that would once have been supposed to 
make vigorous activities of any kind tabu. 

One other word With exerase, as with the taking of 
food and with most other human activities, the premium 
is on the happy mean. If crippled hearts may sometimes 
be mended by proper exerase, sound hearts may be 
crippled by prolonged overexertion. In your games, as 
in all other activities, remember the cogency of the old 
Greek saying: “Notlung too much!” The early demise 
of numberless noted athletes has proved that hyper- 
trophied hearts do not conduce to longevity. 
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XII 

LIFE-GIVING HOBBIES 

ARE the “improbable” years beyond three score and 
•'tx ten worth buying? We may fairly assume that they 
will not be attamed, except at the cost of good measure 
of physical disaplme and mental spumng that may not 
always be agreeable at the moment — runnmg counter, 
in fact, to “natural” impulses that often seem impera- 
tive. Is the game worth the candle? Might it not be 
better to say with Byron, “I will live my life to the 
full, and then, good night” — accepting the Byromc 
estimate of full hving as unbndled license of all the 
senses? 

Well, the question is at least worth considering. And, 
viewing the matter solely from the egoistic standpoint 
for the moment, the answer depends, I thmk, on what 
you are inclined to do with the added years if you earn 
them. How do you purpose to spend the eighth and 
ninth decades of your life, if you should indeed live out 
your normal span? 

An absurd question, you say? You will cross that 
bridge when you come to it? You are much too busy 
thinkmg about the affairs of today to concern yourself 
about a remote, and even improbable, tomorrow? 

Such a response is natural enough. But it is not the 
right answer. If you are to have those years at all, you 
must begin to purchase them while you are young, and 
if you are to find them worth having, you must begin 
now to prepare yourself to enjoy them And in stnctly 
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practical terms, the best preparation you can make is to 
provide yourself fairly early in life with a Hobby that 
has inexhaustible possibihties 

But what, then, is a hobby? 

A fair question, and easily answered. A hobby is any 
kmd of purposeful activity whatsoever that involves dcf- 
inite and mtelhgent effort of a different \md from the 
effort involved in the wor\ by which you earn a living. 
The point involved is the difference between worl{ and 
play. Work, almost by definition, is the performance 
of a task for purposes of monetary gam. Play is the per' 
formance of a task for the fun of it. The pursuit of your 
hobby must be a play^task, not a work'task. It may in' 
volve greater physical or mental effort, or both, than 
your work'task involves. But the connotations of the 
two are absolutely different. One task you pursue bC' 
cause you must, or at least because you ought; the other 
task you pursue because you voluntarily elect to do so. 

It docs not follow that you may not enjoy your work. 
It may absorb and fasanate you. But if, year m and year 
out, you find your work the particular kind of activity 
of all others you would prefer — then your work'task 
has become in effect a play'task, and you are one of the 
fortunate few for whom vocation becomes a hobby, or 
whose hobby has become a vocation. 

The successful painter, of all others, is perhaps the 
man whose vocation comes nearest this ideal. And yet, 
if you ask him, you will probably find that the union 
of work and play, even in his case, is not as ideal as 
it may seem. Very commonly you will find that he is 
not doing the l{ind of painting he would like to do. He 
prefers landscape painting, perhaps, but can sell only 
portraits. So he wor\s at portrait painting and plays, 
when he can, at landscapes. 
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The ultimate truth is simply that any task which we 
must follow habitually becomes work, however eagerly 
we played at it in the beginning. So the rule that every- 
one should have a hobby has universal application. 
Should your hobby in course of time become lucrative, 
and thus take on the aspect of a work-task, you must 
seek another hobby. And m any event it is not unlikely 
that you will find it expedient to seek a new hobby from 
time to time. The very pursuit of the hobby may develop 
new tastes or capaaties that will invite other hobbies 
But if the pursuit of the hobby, as such, has been suc- 
cessful, by middle life you are likely to have found a 
play-task of such significance that you will have no m- 
chnation to abandon it. 

Your play-task, of course, may become a senous pur- 
suit. It may be preasely like the work-task of your 
neighbor. But beause you have voluntanly chosen it, 
and pursue it with ever-growing test — with no thought 
of monetary profit — it remains a hobby for you and gives 
you the ben^ts that a hobby alone can give 

One of these benefits is measured in terms of zest-of- 
hving in the present; another, in terms of potential zest- 
of'hving in die remoter future — that is to say, during 
the teita of those "improbable” years, should you at- 
tain them. It may or may not be expedient for you to 
give up your work-task when you come to those years. 
But most certainly you will not give up the play-task, if 
the years are to prove worth the winning It is proverbial 
that the successful busmess man who has never learned 
to play becomes a pathetic figure when he attempts to 
retire from busmess. Unless he can late in life acquire a 
hobby that gnps him, hfe becomes a bore, and he may 
well conclude that the “improbable” years were not 
worth buying. More than that, his life will become so 
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testless that he will probably lack the will to live.wWch 
(even tho only subconsciously exercised) is prerequisite 
to long-living. 

In this view, then, the hobby is not only a pleasure 
giver but a life Icngthener. In proportion as it is tealously 
cultivated, it has influence to make the “improbable’* 
years attainable, and to make them worth attaining. So 
we reach the paradoxical conclusion that hobby-riding 
may become, in the long view, the most important busi- 
ness of hfe — the avocation, in the ultimate appraisal, 
taking precedence over the vocation. 

In speaking thus, I have chiefly in mind the value of 
the hobby to the individual who rides it. But it may 
chance on occasion that hobby-nding leads to farther 
goals. Herschel the bandmaster chose astronomy for a 
hobby, and through telescopes made with bis own hands 
discovered hidden secrets of the heavens and gave the 
world a new conception of the universe. The preacher 
Priestley made chemistry a hobby, and became the dis- 
coverer of the hfe-giving gas, oxygen. Seymour Haden, 
London physiaan, took up etching, and — ^in the midst 
of unremitting professional dubes—iecame the foremost 
authority on the art of etching and one of its most 
famed practitioners of the mneteenth century. Pierpont 
Morgan, foremost banker of his generaUon, made book 
collecting his hobby, and enriched the world of culture 
in measure far b^ond his contribution to the stabiliza- 
tion of the financial world. 

These illustrations are typical. And if one were to 
m^e an extended catalog of important achievements at- 
tain^ through hobby-nding, it might lead to the para- 
doxical suggestion that, by and large, men’s avocations 
are more significant than their vocations, and that the 
chief progress of civilization has been effected as a by 
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product of the zealous pursuit of hobbies. Without ask- 
ing you to go quite so far as that, let me cite, at random, 
a few illustrations of significant things that have been 
done by men of many minds in fields that they entered 
as amateurs. 

Take the case of the Wnght brothers. They were 
bicycle dealers, but they amused themselves in ofiF-busi- 
ness hours with the crazy project of making a machine 
that could fly. The thing was impossible, as thousands 
of futile experiments had shown. But these young men 
pursued their bizarre hobby, to the amusement of their 
neighbors, with absurd zeal, after the manner of hobby- 
riders in general. You know the rest. 

Go back a little, and consider the painter, Morse. He 
was a well-tramed portrait painter, and achieved dis- 
tmction enough to be chosen president of the National 
Academy of Art. But have you ever seen any of his 
pictures, or heard them praised? Hardly. You have heard, 
tho, about the electnc telegraph. And that was a toy 
that he invented, because he liked to fool with electncity 
when the light was not right for painting. 

Then there was a barber named Arkwright. At odd 
times when there were no customers to shave, he played 
with the idea of a whirligig thing that might be made 
to twist fibers of cotton or wool into thread. He had 
seen women do that at their spinning wheels, of course. 
But he wanted to see if a machine couldn't be made to 
do it a good deal faster. A grotesque thmg for a barber 
to be dreaming about, when any trained machinist could 
tell you that machmes can’t take the place of human 
brains and fingers. All the same, this barber rode his 
hobby. And you perhaps have seen pictures of a modern 
mill, where one girl tends a whole battery of perfected 
Arkwnght spinning jennies that in one hour produce 
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as much thread as the best old-time wheel-spinner could 
produce m a lifetime. 

Then there was a hobby-nder of a quite different type, 
named Schliemann His busmess was seUing indigo, 
which he imported from China. Piis hobby was the study 
of languages. Among others, Greek. That led him to 
read Homer and to become enthusiastic over the idea 
of searching for the ruins of ancient Troy. The scholars 
were not very sure that Troy ever existed at all, except 
in myth and hero tale. But the hobby-rider knew better. 
And now all the world knows that he was right. And 
for all the future no one can think of Homer and the 
greatest of epic poems without thinking also of the in- 
digo merchant Schliemann — ^tho few recall and nobody 
cares that he was an indigo merchant or anything else 
but a zealous and miraculously successful hobby-rider: 
a dreamer of fantastic dreams that came true. 

Still another type. This time an emperor, ruler of the 
vast dominions of Rome, at its greatest glory of the By- 
zantine period — Justiiuan the Great. AbK>lute arbiter of 
milhons of hves; conqueror of armed legions from Persia 
to Italy; unchallenged ruler of one of the mightiest of 
temporal empires, and a hardly less potent shaper of 
spmtual destinies of a world half pagan and half 
Christian. A builder of palaces and temples, raising 
Constantmople to its pinnacle of glory as the world 
metropohs; a potentate who held the avihzed world in 
thrall to the day of his death, at eighty-three — after a 
reign unequaled in duration by that of any emperor be- 
fore or after, and at an age which almost no other 
Roman attained during a period of more than a thou- 
sand years. 

But all that official pomp and glory is only a name 
and a memory. Nothing came of it, and the world would 
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have been neither better nor worse because one of the 
long h'st of emperors had been Justinian, had not that 
particular wearer of the purple had a hobby that he 
never ceased to ride from the beginning to the end of 
his reign. He, who could make laws with a wave of his 
scepter, had a passion for the study of ancient laws. And 
the codifications of these laws, made at his mandate, 
survive as the Institutes and Pandects and so on of 
Justinian, which lawyers constantly consult even to this 
day. 

Thus the Code Justinian preserves a name that other- 
wise would be all but forgotten. Just as perhaps, in a 
not so very remote future, the Code TJapoleon, repre- 
senting the hobby of another emperor, may keep time 
from altogether dimming a name that loomed large in 
its generation but left few other permanent records of 
its importance. 

Incidentally it is pertment to note that Justinian, who 
so far surpassed in length of years all other wearers of 
the Roman purple, might be ated as a votary and ex- 
emplar of the thesis that abstemious living and strenuous 
mental application in many fields of work, along with 
zealous hobby-ndmg, are the passports to health and 
long hfe. Livmg in a world of unexampled wealth and 
luxury, m a palace with a local entourage of upward of 
three thousand retainers and servants, his personal habits, 
as summarized by Gibbon, were these: 

“His repasts were short and frugal: on solemn fasts, 
he contented himself with water and vegetables; and 
such was his strength, as well as fervor, that he fre- 
quently passed two days and as many nights without 
tasting any food. The measure of his sleep was not less 
rigorous:^ after the repose of a single hour, the body was 
awakened by the soul, and, to the astonishment of his 
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chamberlains, Justinian walked or studied till the morn- 
ing light. Such restless apphcation prolonged his time 
for the acquisition of knowledge and the despatch of 
business . . The emperor professed himself a musician 
and architect, a poet and philosopher, a lawyer and 
theologian; and, if he failed in the enterprise of recon- 
dlmg the Christian sects, the review of the Roman juris- 
prudence is a noble monument of his spirit and in- 
dustry.” 

Elsewhere Gibbon sugggests that Justinian's rescue 
from the plague, which devastated the empire, taking 
sometimes ten thousand lives a day in Constantinople 
alone, and tens of milhons in the aggregate, may have 
been due to his abstemious hvmg, even as Socrates had 
been saved by his temperance, m the plague of Athens. 

Mention of the chamberlains of Justiman, in Gibbon's 
appraisal, remmds one that the chief of these, for many 
years, was a little eunuch named Narscs, who has the 
distinction of surpassmg all contemporanes, and all 
known Romans of any period, in length of years He 
lived to be ninety-eight. A few other professional 
ascetics earned length of years. But in general notables 
of the Roman pnndpality, repubhc or empire, were 
relatively short-hved. Justinian and his chamberlain 
Narses were the only two Roman civilians whose names 
appear m a list of one hundred distinguished men of all 
times and nattons who hved beyond eighty. 

It seems not unreasonable to suppose that a chamber- 
lain who was likely to be called from his bed to attend 
his royal master at all hours, and who had at all times 
before him so remarkable an example of the value of 
abstemious hving, hard work and vigorous thmldng, 
may have acquired somethmg of the habits he witnessed. 
Indeed, one can hardly suppose that his tenure of office 
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would have endured had he not done so. Does that, per- 
haps, explain in some measure the long life of the 
eunuch? I like to think so, and the word pictures of the 
scrawny appearance of the eunuch, no less than the 
records of his later history, confirm the suggestion. 

It is not for that reason, however, that I dwell on 
the case of the chamberlain in this connection. It is be- 
cause the case of Narses seems to me the supreme ex- 
ample in all history of spectacular hobby-nding. Recall 
that this man was a eunuch; a despised nondescript, fit- 
ted only for menial service For more than an average 
hfe-time he was a servant in the palace, and one might 
suppose that he had reached the pinnacle of his possible 
career when he became head servant But as the chief 
of menials directed the machinery of the royal house- 
hold, he apparently dreamed of affairs in a very dif- 
ferent world. As he directed the activities of a staff of 
servants, he dreamed of himself as directing companies 
of warriors mstead In leisure moments he pored over 
maps, followed in imagination the fortunes of Bclisarius 
and other generals of Justinian’s armies in distant fields; 
imbued his mind with military lore. 

In a word, tho his physical activities were confined 
to the walls of a palace, he rode his hobby of the study 
of military affairs far afield. He visioned dreams that 
would be presumptuous for any man, and which were 
grotesque for a servile eunuch. 

But note the sequel. Every histonan knows it. The 
mighty Belisarius recalled, in disgrace. The despised 
eunuch far afield, not in dreamland, but in Italy, at the 
head of victorious armies; making an immortal name 
for himself, as one of the great generals of all time. Then 
Narses the Prefect of Italy — ^vicegerent, with powers 
little short of those of a wearer of the purple. Narses 
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the menial eunuch become Narses master of armies and 
the ruler of a principality. History is said to repeat it- 
self; but it gives us no other true tale quite like Aat. 

And, by the same token, to bnng forward any other 
examples of effective hobby-riding would be an anti- 
climax. Let the examples given suffice to suggest that 
your choice of a hobby must de^^end on your own in- 
clinations, propensities, capaaties and adaptability. 
Probably the final choice will be determined by the old 
process of tnal and error But for that very reason, 
among others, you should start choosing early in life. 
Better late than never, tho. The essential thing is that 
you have no option but to choose some hobby, if you 
are to make bid for worth-whileness of living in the 
present, for longevity, and for the zestful savoring of 
the potential resources of the erstwhile “improbable” 
years that for you become a reality. 

ITie range of choice is wider in our day than ever be- 
fore Modem saence has pushed the barriers of the un- 
known back farther and farther, exposing wider and 
wider fields for exploration. Every practical invention 
suggests new inventions that are ne^ed. We are only 
at the beginnmg of progress 


























XUI 

MUST ALL RACES DIE? 

C AN any race of animals survive indefinitely? That 
IS a question which comes inevitably to mmd, as 
one follows the story of animal life of past and present. 
It is a question that no one can answer categoncally, 
or with pretense of finahty. But perhaps our studies of 
evolutionary history supply some data Aat have bearmg 
on the problem. At least they stimulate us to make m- 
quiry as to why so many animal races of the past have 
vamshed. After that, we may or may not feel justified 
in hazarding a guess as to whether the imphcations favor 
or tend to repudiate the assumption that extinction is 
the ultimate goal of every evolutionary experiment. 

First, then, a brief resume of the histone facts. Of 
living speaes (including fairly valid subspecies) of mam- 
mals, there appear to be about twenty thousand. The 
extinct speaes (of corresponding taxonomic value), 
could we enumerate them, would run into unguessable 
milhons. If all the direct ancestors of any hving species 
could be examined, at mtervals of, say, a milhon genera- 
tions, each genetic group would rank in the eye of the 
classifier as an mdependent spedes; and such an esti- 
mate, according to accepted standards, would no doubt 
be justified. Under stress of ever-changing environments. 
Evolution has always imphed change. 

But such an appraisal as that harfly bnngs us within 
sight of our problem. A spedes that becomes extinct, 
yet leaves descendants in perpetuity, dies only in name. 
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Its blood (or more literally, its germ-plasm) persists. 
Its descendants have merely kept up with the times, 
changing to meet new conditions. They have thereby 
shown die vitality of the stock, not its vulnerability. 
There is nothing in such an observation to suggest racial 
mortality, but quite the opposite. 

Accepting that view, and reflecting that every living 
creature has of necessity behind it an unbroken line of 
ancestry, back to the very “beginning" of animate life 
— we seem suddenly and unexpectedly to have come 
close to the answer of the question with which we 
started. At least it is evident that, up to the present, 
extinction has not been inevitable for the strams of 
mammahan hfe now represented by upward of twenty 
thousand species. 

If, then, It is proved that racial strains can persist for, 
say, seven or eight hundred million years, what can be 
the utility of argument as to their future persistence? 
Obviously none. We may take it as established that — 
diort of some world cataclysm that renders life impos- 
sible on the globe — mammalian creatures, however modi- 
fied, may be expected to continue to exist on our planet 
for tens of milh’ons of years to come. No other inference 
seems valid. 

That conclusion, however, leaves untouched the ques- 
tion as to what manner of creature the mammal of the 
future may be expected to become. The real point of 
interest concerns the }{ind of mammal that is likely to 
persist. 

To bring the matter home, the predse question of 
interest concerns the probable persistence of the par- 
ticular mammal called Man. And the only evidence that 
can be supposed to bear on that question is not to be 
based on observation of past races that survive in their 
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direct descendants, but rather on examination of those 
other racesr— which in their time seemed dominant — • 
which became extinct, and left no defendants whatso- 
ever. 

Of those that have come more or less to our atten- 
tion, for example, there were such antique giants as the 
Umtatheres and the Titanotheres. And there were scores 
of others no less famihar to the paleontologist. 

These were highly speaalized races, dominating the 
ages m which they hved. They waxed mightier and 
mightier for millions of generations. And then — they 
vamshed; not supplanted by their own descendants, 
modified by Evolution, but leaving no issue. Following 
the time of their supremacy there had come a time of 
decadence, race suiade became a threat and then an 
actuality And at last came a day when the final member 
of the clan died — and it was as if that race had never 
existed. 

How are we to explain such a sequence of events? If 
such extinction of a race had happened once or twice, 
or a hundred tunes, it would not be worth debating. 
But It happened thousands of times — millions of times 
if you go back far enough. It is merely an epitome of 
the normal history of past races, not alone of mammals, 
but of their predecessors. Everyone knows, at least in 
outhne, the story of the giant reptiles that dominated 
the earth for millions of years — and vanished. 

Must the dominant mammalian race vanish also? 
That, really, is the interesting question that lies back of 
any inquiry as to why past races have become extinct. 
It IS worth while, then, briefly to list the causes that 
have been suggested to explain the familiar facts of 
animal extinction 

First naturally, one thinks of changing climatic condi- 
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tions. Explicitly one thinks of that recent event, the 
Glacial Epoch. It goes without saying that you cannot 
cover half a continent with a mile-deep ice^sheet with- 
out profoundly influencing the animal life of the re- 
maining part of the continent. It is within the possi- 
bihties that glaciation, even so extensive as that, may 
not have exterminated a single species of mammal in 
its entirety. The ice sheet may have spread from the 
north so slowly that there was time for the normal emi- 
gration of species (not, of course, a consaous migration) 
to carry some members of every speaes bej'ond the 
danger limit. 

But even m that event, the ultimate effect on the 
speaes might be no less disastrous. The evil day might be 
only postponed. In reality, it appears probable that the 
great glaaation of the Pleistocene — the “recent" Ice Age 
of which we are speaking — ^was the mdirect cause of the 
most wholesale extermination of individual organisms 
and remarkable mammalian races of which there is geo- 
logical record. It will precisely serve our present pur- 
pose to attempt to visualize the conditions attending that 
great mortality, and, in imagination, witness the scene 
of slaughter. 

Recall, then, that (according to the conception of con- 
tinental dnft outlined in an earlier volume) the portion 
of Holarctica called North America had drifted so far 
to the north that Greenland centered over the Pole, and 
the upper border of present Florida and the Gulf of 
Mexico was at about the fiftieth parallel of latitude. The 
ice-sheet, at its maximum, extended well below the six- 
tieth parallel, outside the Arctic Circle, into the heart 
of the Mississippi Valley — the region of present Mis- 
souri. The territory that remained for animal occupancy 
included part of Alaska, the Pacific coast region, Mexico, 
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and the southern moiety of the central and eastern 
States. Only a fraction of this region lay south of the 
fiftieth parallel — the latitude of the present western 
border between the United States and Canada. 

These geographical details must be clearly understood, 
in order to appreciate the climatic conditions of the 
environment into which the erstwhile northern popu' 
lation had been gradually thrust. Even if we ignore the 
refngeratmg influence of the ice-sheet at the north 
(which cannot have been negligible, but was subject to 
extreme fluctuations) , we must assume that the climate 
averaged cold-temperate — rangmg from subarctic at the 
north to warm-temperate at the southern extremity of 
Mexico. 

Imagine, then, that mto this restncted region of du- 
bious climate there is crowded an animal population 
that would make the present fauna of central Afnca 
seem impovenshed by comparison No such wild men- 
agerie was perhaps ever before or since collected within 
corresponding geographical limits Here were perhaps 
SIX or eight speaes of elephants — several mastodons, 
the gigantic Ckilumbian elephant and the even more gi- 
gantic impenal elephant, and possibly some few thousand 
mammoths There were times when elephants wandered 
in herds that find a modem parallel only in the herds of 
bison of our Great Plains of a half-century ago. 

Bison were there also, competing with the elephants 
for pasturage; bison ancestral to the modem ones, and 
others of larger site, with portentous horns almost nval- 
mg the tusks of the mastodons. Then, too, there were 
gigantic camels; the herds of horses of several species, 
some of them larger than modem draft horses; also deer, 
and moose (and a strange deer-elk), and caribou, and 
musk-oxen, and peccaries, and tapirs, and —lest any 
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scrap of vegetation should escape — hosts of rodents of 
every size from jumping mouse to giant beaver, w-ith 
legions of gophers, squirrels, woodchucks, and rabbits 
between. 

And at that we are overlooking the most massive 
vegetarians of all, next to the elephants — the colossal 
ground sloths, of several speaes; and their great cumber' 
some shell'covered cousin the glyptodont, most incred- 
ible of mammals; and that other cousin, only less bizarre, 
the ant-bear. 

All but the last-named of these are vegetarians. Need- 
less to say, there was a coterie of killers to match. At 
their head was the massive saber-tooth cat, with fangs 
justifying his name; yet, even so, doubtfully supreme 
in the presence of the largest lions that ever existed. The 
dire wolves, too, were but a shade less formidable; and 
there were gigantic bears of several speaes, and pumas, 
jaguars, and lynxes that W'ould seem quite menacing 
enough in any lesser company. 

In a word, here was a galaxy of plant-eaters such as 
no territory of restneted size could possibly maintain, 
even under tropical conditions — which did not obtain. 
And a company of killers whose appetite for flesh could 
not long be appeased unless the census of their victims 
was maintained at maximum. 

The outcome v.-as forecast in the conditions Such a 
population could not be maintamed. 

To make bad matters worse, the land surface to the 
south and west was bang slowly elevated, and becoming 
progressively more arid. A climate already too cold be- 
came colder, because of the clevauon. Forests disap- 
peared, and only such of the vegetarians as had devel- 
oped teeth enameled for grazing had a chance to hold 
their own. This shut out the mastodons, but left the true 
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elephants in competition with the horses and deer and 
bisons. 

Now, however, size became even more significantly 
a factor of survival Size and speed — to enable the grazer 
to seek distant pastures. It was one thing to require ten 
pounds of fodder in a day; quite another thing to de- 
mand a hundred. And if the small feeder has a range of 
fifty miles a day, while the large feeder can travel only 
twenty miles, the issue is still more clearly defined So 
as between elephant on one hand and horse and deer 
and bison on the other, you can foresee the decision. 

Yet another factor Consider the matter of fecundity. 
An elephant takes fifteen or twenty years to reach breed- 
ing maturity. A deer requires only one or two years 
And the elephant has one offspring at a birth; the deer 
usually two, and sometimes three. Reckon the difference, 
in the course of, say, a hundred years, or a thousand. 
At best, only a small company of elephant progeny; of 
deer descendants, thousands or millions. And each one 
a potential eater of herbage that the elephant must secure 
— or pensh. 

And so of course the elephant herds dwmdled and 
vanished And with them went the camels, the biggest 
moose and bison, and — naturally — the great sluggish 
ground sloths and the shell-backed glyptodonts And, 
just as surely, even if perhaps not quite so soon, there 
vanished also the monster cats, whose bulk and strength 
and dagger-teeth equipped them to pull down ground 
sloths and half-grown elephants — but handicapped them 
in the pursuit of agile deer and horses 

There is a good deal more to the story. But for the 
moment let us leave it here — at the stage of vanishment 
of the giants As the story has been told, it has been 
made to appear that the very bulk of the colossal mam- 
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mals was the cause of their undoing. The defense mech- 
anism, Size, which made possible their evolution, was 
their ultimate Nemesis. And that, essentially, appears 
to be the truth of the matter. Specialization in size, to 
meet certain conditions, spelled disaster under changed 
conditions. 

But are we to interpret such a sequence of events as 
showing that specialization was inherently a mistake? 
Do we here find evidence, as some biologists would con- 
tend, of raaal decadence, necessarily sequential to evo- 
lutionary development? Did the elephants perish because 
they were, as a race, old and senescent? 

If the story of the eictinction of the elephants, as 
above outlined, is vabd, these questions answer them- 
selves. There is no evidence here of racial decadence. 
No suggestion of proof that the augury of extinction is 
inherent in the process of evolutionary' development In 
a word, no suggestion of evidence for the contention 
that extinction is inevitable for any animal race. Under 
conditions of stress that were without precedent, the 
elephants that had thrived in Amcnca were no longer 
able to exist in Amenca. But that by no means proves 
that the same races might not have continued to thrive 
here, had conditions suitable for their maintenance con- 
tinued as they once had been. 

The fact that collateral descendants of the extinct 
elephants found — m India and Africa — environments 
to match the old ones, and continued to maintain their 
race to this day, sufiiaently answers the thesis of inher- 
ent racial decay through ovcrspccialization. The fact that 
the wild horse also became extinct in the Americas, yet 
subsequently, when reintroduced by man, throve and 
flourished abundantly in the same regions from which 
it had earlier been banished, refutes the thesis of raaal 
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senescence from another angle. But other factors are 
involved in the story of the passing of the horse, which 
call for consideration in a separate chapter. 

Suffice it here to answer the question with which this 
chapter started, with the categorical answer: We find 
thus far no evidence to show that the extinction of any 
animal is mevitable. There is nothmg thus far in the 
evidence to show that a race of animals, however special' 
ized, might not survive mdefinitely, granted favorable 
conditions. Does the italicized proviso seem to hedge the 
question after all? Well, let it go at that for the moment. 


V 








XIV 

EVOLUTION AS NEMESIS 

"VXTT have removed the elephants and ground sloths 

VV rather summanly from the American scene, but 
there remains a varied company of mammalian contest' 
ants. And there is more than one member of the com- 
pany that is threatened with the fate that befell the 
departed giants. Nor will mere size be the critcnon by 
which the remaining contenders for a place in the sun 
will be primarily tested. No single cause operates for 
the building up of any organism, nor for its destruction. 
The problem of animal extinction is not so simple as 
that would imply. We have now to glance at certain 
other salient factors 

By way of forecast, let us note certain anomalies that 
call for explanation — if explanation can be found There 
was, for example, the matter of the disappearance of 
the wild horse from America, just referred to incidcn- 
tally. The horse’s American lineage, as attested by 
authentic fossils, dates back to the Eixenc. If any higher 
mammal is a one-hundred-pcr'cent Amcncan, it is he. 
Yet there probably was not a single horse alive in the 
western hemisphere when Columbus came so near to 
discovering our continent. Why this banishment of the 
horse from his own ancestral manor? 

Then, from a different angle, consider the case of the 
opossum, and the even more anomalous position of the 
Canada porcupine. Both these animals appear to belong 
in South America, or at least in tropical Central Amcr- 


t60 



WONDER BOOK OF WORLD'S PROGRESS 161 


ica, with their hosts of relatives. Why have they alone, 
of their respective tnbes, remained in the north? Again, 
if mere bulk is a handicap, how does it happen that, in 
the final reckoning, we find the moose, really gigantic 
for a deer, and the musk'ox and the bison still with us; 
while numerous herb-eaters a fraction of their size have 
vanished? And how does it happen that the polar bear 
and the grizzlies, among the very largest Carnivores 
that ever lived, are today thriving, while countless small 
wolves and foxes and cats that were their Ice-Age con- 
temporaries long ago joined the majority? 

Let me hasten to say that I do not profess to be able 
to answer all these questions — or any one of them — 
except inferentially. I cannot even tell you with confi- 
dence just why the passenger pigeon has become extinct 
in our own generation — under our very eyes. So I shall 
not pretend to know all about the whys of animal extinc- 
tions that took place milhons of years ago; nor the cor- 
relative whys as to the preservation of allied races. But 
I thmk we may perhaps gam some clues to prmaples 
of action— of so-called animal “ecology” — or at least 
half-explanations of these mysteries, by following a Httle 
farther in imagination the fortunes of the animals of the 
Ice Age, with occasional glimpses of the lives of some 
of their forebears 

Consider, for example, the situation of the horses, 
browsmg and grazing across temtory that their ancestors 
had trod for milhons of generations. The earliest of these 
ancestors that is definitely known to us as such was little 
Eohippus, the pro-horse of the Eocene. His remains are 
found in the Wasatch fossd beds of Wyommg. Pro- 
gressive intermediate forms left their records in other 
fossil beds of the neighbonng regions There were wan- 
derers of the clan, of course. Some spread to Asia at 
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the west; others to Europe at the east; still others emi- 
grated southward to the other hemisphere. But the point 
of present interest is that the direct ancestors of the 
horse of the Ice Age had been habitants of somewhat 
the same terntory throughout their racial histor>-, since 
the Eocene, or the very early part of the Tertiary period. 

Note now that in the Eocene time m question, the 
terntoiy^ that is now Wyoming was not located (ac- 
cording to the theory we are following) at about the 
fortieth parallel of latitude, where it now is; but very 
far to the south of that, well within the tropic zone. 
Recall that the northward drift had been very slow in- 
deed, so that the mid-pcnod at least of the horse’s evo- 
lution had been reached before this region had advanced 
into the coId-tempcratc zone Moreover, the later gener- 
ations of developing horses had been able to emigrate 
toward the south, and thus to keep within the warm 
temperate zone, or even the subtnipical The largest of 
the true horses of the Pleistocene left their bones in 
Texas — still crowding toward the warmer zones of their 
habitat. 

It appears, then, that the horse was a creature of 
tropical and warm-temperate antecedents, so to speak. 
It had been spcaally modified for existence m plains 
regions, partly and, where grasses grow, and where the 
climate is fairly mild. It was in no wise fitted to “rough 
it” with the musk-ox and canbou, or even with the 
prosperous newer immigrant, the bison. Yet now it was 
called upon to meet such competition. The difficulties 
were almost insuperable It was bad enough that the 
erstwhile well-sunned region had been thrust northward 
into far colder zones. But that handicap might perhaps 
have been overcome, had not the plant-eaters of the 
— deer, moose, can'bou, nui<k-ox — been forced to 
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invade the territory. And to cap the climax, herds of 
bison from Asia came as a devastating horde, demand' 
mg all the pasturage for themselves. There were even 
mountain goats and bighorn sheep that were often dnvcn 
from the mountams by local glaciers, and obliged to 
forage in the already crowded pastures 

The multiple handicap was too much The horse is a 
slow'grower, and at best not a prolific breeder Breed- 
mg does not ordinanly begm till the third or fourth 
year, the gestation-penod is eleven months In the re- 
plenishment of numbers that fall before the attacks of 
wolf and bear and wolvenne and puma, to say nothing 
of natural mortality from exposure or food shortage, the 
horse could not compete with even the bison, let alone 
the deer and prong-horn 

Of what avail that the horse was the most highly 
speaalized runner in the world — the only creature (save 
one) with the foot mechanism evolved to the smgle-toe 
stage of maximum runrung efficiency — -if there was no 
untenanted grazmg field to which to go’ The nervous 
organization that gave quick reaction-time, for speed 
and endurance, was worse than useless when what was 
needed was toughness of fiber, and capacity to withstand 
cold and snowstorms The sluggish musk-ox, with its 
shaggy overcoat and sharp horns for defense, was to 
be envied. 

No need to prolong the story The horse vanished 
And so did every other creature that was not adequately 
equipped to withstand the ngors of a cold-temperate 
climate — except the few that were lucky enough to 
emigrate down into Mexico and Central America, and 
that channel of escape was not always available, owing 
to mtcrvemng deserts and mountams The net result 
was that, by the time the ordeal was over - the ice-shcct 
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melted, the continent swung back a little nearer the trop- 
ics — there remained of all the vast and varied cohorts 
of the pre-glacial epoch only an “impoverished rem- 
nant,” to constitute the mammalian fauna of our own 
time. 

And of that sparse band of survivors, there is not one 
that did not develop suffident ruggedness to enable it to 
live in the cold-temperate zone. As the ice-shcet finally 
vanished, the old-timers of the Arctic emigrated slowly 
back again to the north, or went back to the mountains. 
Their descendants of today are the musk-ox and canbou 
and arctic hare and arctic fox and polar bear of the 
far north; and their Iike-mindcd former associates the 
bighorn and mountain goat and hardy pika and moun- 
tain beaver of the alpine heights of the Rockies and 
Sierras. Any members of these hcavy-haircd fraternities 
that attempted to maintain existence at the south, after 
the Ice Age, found themselves as unfitted for competi- 
tion there as their less hardy confreres would be to 
compete with them in their polar environment. 

Amd yet, as has been said, even the least hardy of the 
survivors (overlooking for the moment the few that 
escaped to the tropics), had proved by the very 'fact of 
their survival that they could cope with the conditions 
of a cold-tcmpcratc climate. And to this day there is not 
one of them that has not representatives living as far 
north as the Canadian border — even tho having other 
representatives that have proved their adaptability by 
bccoming acclimated in warmer regions of the United 
States. I speak now, of course, of families of mammals, 
not of individual species or geographical races The 
point is that the animals that survived the glacial ordeal 
were able to live in the cold-tcmpcratc zone, cl.se they 
would not have survived. And their descendants arc 
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still able to live, for the most part, at least as far north 
as the present region of the fortieth'to-fiftieth parallel, 
where the present climatic conditions more or less du- 
phcate those of the average terrain of their glacial epoch 
expenence. 

As illustrations, it will suffice to mention such fa- 
miliar Herbivores as the moose, the wapiti, the white- 
tailed and black-tailed deer, the bison (the only remain- 
ing wild herd is in Bntish Ckilumbia), the porcupine, 
the beaver, and sundry hares and rabbits — not to over- 
look the small-fry moles, shrews, mice, and squirrels. 
Their carnivorous complements equally in evidence are, 
among others, the puma, the black and grizzly bears, the 
wolverine, the lynx and bobcat, the timber wolf, the 
foxes, and the weasel allies, including marten, fisher, 
mink, and otter. 

But where, in all this, is there apphcation to the theme 
we are supposed to be following? What is the applica- 
tion to the chapter title: “Evolution as Nemesis”? 

Let us look a httle closer The application is not far 
to seek It is in part revealed if we recall that the vanous 
races whose obsequies we have celebrated — the ele- 
phants, ground sloths, horses, and the rest — were 
doomed by the very excellence of their adaptation to cer- 
tain conditions, and that Evolution was the artificer of 
the adaptation The very essence of the evolutionary 
process is such adaptation. One animal is adapted for 
life in trees, another for underground hfe; another for 
speed along the ground, yet another for life in the water. 
And the more perfect the adaptation, in each case, the 
more complete the unfitting for any hfe other than the 
one chosen 

The best that Evolution can pretend to do, then, is to 
modify an organism to meet the needs of an existing 
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environment There can be nothing prophetic about the 
modification Should environmental conditions suddenly 
change, the adaptation will prove not merely futile, but 
almost certainly harmful 

It is only the unmodified, generahzed form, seemingly 
neglected by Evolution, that is fitted to hve fairly well 
in ever>^ environment, because it is fitted to live supreme' 
ly well in none 

Go a step farther. The environment is always chang' 
mg It cannot be otherwise in a world in which conti' 
nents are being perpetually made over — whether or not 
you admit that they are changing their locations It is 
no theory, but undisputed fact, that geological climates 
have been incessantly modified A region that grows 
palms today grows oaks tomorrow, and only grass the 
day beyond — geologically speaking. So there is nothing 
more certain than that when Evolution modifies an ani' 
mal to meet existing conditions of the moment, Evolu- 
tion IS prepanng that animal for future disaster. The 
more complete the adaptation or specialization, the more 
impossible will it be to change the species to meet 
radically changed conditions. To meet those new condi- 
tions, matenal on which Evolution is to work must be 
sought in the primitive, unspedalized forms, which have 
previously been ignored. 

That IS the unvarying history of animal evolution. 
The new strain from which the higher and more special- 
ized form of tomorrow is to be evolved, is found always 
m the small, unspeaahzed race of today. The highly 
speaalized race of today will presently be superseded 
by this parvenu 

But even if we take a less extreme case, and suppose 
that the environmental change is very slow, and that 
the speaalized race can be modified to meet the new 
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conditions — none the less true is it that the creature of 
the earlier specialization must be superseded by its 
grandnephew — ^to the milh'onth generation removed — 
and hence just as truly become extinct. For a long time 
the earher adaptation and the newer improvement may 
exist side by side — but ultimately the older and now less 
perfect form vanishes. 

Is the application clear? In each case, and however 
often the ^eme is reenacted. Evolution has worked to 
produce a modification that must soon become as obsolete 
as the ox'cart in -the age of the automobile. In other 
words, Evolution develops a race only to have it super 
seded by another product of Evolution. 

Thus Evolution acts with one hand as creator of 
speaes — and with the same hand and by the same act, 
becomes the destroyer of the speaes created yesterday. 

That perhaps clanfies what I had in mind when I 
spoke of “Evolution as Nemesis." But the explication 
docs not bring us quite to the end of what I wish to 5ay 
about the rationale and bearing of the evolutionary’ 
process. Turn wc, then, to another aspect of the problem 
of living, in the ensuing chapter 



XV 

SUBTLE ENEMIES 

E veryone has heard that there are regions of 
Afnca where horses cannot live, because of the 
tsetse fly It is well known, too, that it is not the direct 
attack of the fly that is fatal. The menace lies in the 
activities of the microbe (called a Trypanosome) which 
the fly transmits from one animal to another. This 
parasite flounshes in the blood of the horse, and causes 
the death of the animal. Yet there are numerous ante- 
lopes and other animals of the region that are immune 
to the malady. The Trypanosome cannot flounsh in 
their systems 

Such discrimination as that, on the part of microbic 
organisms, is not at all unusual. The germ of hog cholera 
may ruin the hog-raising mdustry m a region, but has no 
effect on cattle, sheep or horses. The cattle tick of Texas 
IS a famous earner of germs to bovmes, not to horses 
There are regions of New England where sheep-raising 
was given up because the soil appeared to have become 
impregnated with bacterial germs that menaced sheep, 
but no other domestic animal. In other regions, turkey- 
raising was abandoned for a similar reason. 

The mahgnant germ of the newly-recognized malady 
called tularemia is earned by the rabbit. Rats and ground 
squirrels harbor the flea that transmits one of the most 
menacmg of human plagues. There are contagious mal- 
adies that sweep off whole populations of domestic 
fowls It IS suspected that the germs of one of these 
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EXTINCT PASSENGER PIGEON — EXCEEDINGLY 
ABUNDANT TILL LATE IN 19tu CENTURY 
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maladies was transmitted to passenger pigeons that were 
caged, and subsequently used iis targets at pigeon'shoots 
An occasional pigeon escaped the gunner, and the mal- 
ady may have been thus transmitted to the wild birds, 
with the result that the passenger pigeon, which a cen- 
tury ago was among the most abundant birds in Amer- 
ica, became extinct, with spectacular suddenness, toward 
the close of the nineteenth century But the mourning 
dove, which is close km to the extinct species— so similar 
in appearance that only the trained eye could discnm- 
mate between the two at a little distance — is still 
abundant. 

It IS by no means certain that this explanation of the 
disappearance of the passenger pigeon is the right one 
But It 18 not unplausible, m view of the disenminative 
nature of microorganisms Such discnmination, indeed, 
IS the rule, not alone with the agents of animal diseases, 
but with those that menace plants as well. The fungoid 
blight that was introduced (needless to say, by accident) 
from China, in the bark or wood of imported chestnut 
timber, has given m recent years a quite amazing demon- 
stration of selective aihnity for one kind of tree only. 
It leaves no chestnut tree alive, and yet has no influence 
whatever upon any other species of tree. 

Spores of this fungus float through the air, and must 
settle on all trees alike. But only when the accidental 
host IS a chestnut can it live and grow. So you may see 
bhghted chestnuts by thousands scattered through the 
woodlands of New England, or any other region within 
a few hundred miles of the original source of distribu- 
tion, the port of New York. The woodland may contain 
oaks, maples, ash, hickory, birch, hemlock, and all the 
rest — and not one is injured. There may be fifty of 
these various immune species to every single chestnut- • 
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but the one chestnut is singled out inexorably, and 
presently stands bare, the bark fallen away from its 
dead trunk and branches, a grim skeleton in the midst 
of the sea of verdure to which it formerly contnbuted. 

The case of the chestnut is so tangible that it cannot 
be overlooked. But animal life of the forest, if we could 
witness it, would reveal many similar tragedies. Recently 
some unknown malady killed our ruffed grouse almost 
to the last bird. And epidemic maladies that decimate 
the rabbit population arc of perennial recurrence. Mean- 
time numberless parasitic insects contribute to the har- 
assment of every animal tribe, and, directly or indirectly, 
exact a high toll of victims. 

The menace of the insect hordes is by no means con- 
fined to their direct aggressions. There arc thousands of 
species of insects, any one of which has potentialities of 
increase which, if unchecked, would enable them to 
overwhelm entire animal populations, by stripping bare 
the vegetation on which the animals feed. The locusts 
that now and again — within the memory of the present 
generation — have swept across the western plains and 
prames, leaving no green thing in their wake, illustrate 
the possibilities of multiplication that are inherent in 
cvcr>' insect race. The little green aphid on yonder rose- 
leaf, if its progeny could develop unchecked, and find 
food, would produce in one year (as Huxley estimated) 
a bulk of aphid-flesh to outweigh the total human popu- 
lation of China. And of course that would be only the 
beginning. Given another year or two, and they would 
bury the surface of the globe to the depth of millions 
of miles. 

The case of the grasshoppers shows that insect poten- 
tialities may now and then become realities, for a few 
weeks at least — long enough to enable them to trans- 
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form rich wheat and 'com fields and abundant meadows 
into and deserts. And the msects are no new invention. 
They came in full force back in the Mesozoic era, and 
had a share in the development of the flowering plants. 
Can we doubt that on occasion they erupted in hordes, 
and destroyed the vegetation on which the animal popu- 
lations of the past epochs subsisted? 

It is quite 'mthin the possibilities, then, that bactenal 
germs of disease, on one hand, and insect pests, on the 
other, may have had full share in the extermination of 
the animal races whose passing we have witnessed. The 
competition of these midgets may have been the deter- 
mining factor in the removal of the elephants, the horses, 
and all the rest. Such possibilities must be considered, if 
we would attempt to gain a comprehensive view of the 
factors that operated to undo the work of Evolution in 
developing new forms of life. 

But of course we shall not overlook the paradox that 
it was Evolution, again, that developed the devastating 
microbes and insect pests, no less than their victims. 

There is still another factor to consider, if vk . are to 
box the compass of the problem of animal extinction. 
We must look to the soil itself, out of which vegetation 
springs. We must recall that plant hfe exacts perpetual 
toll of chemicals from the soil, and the supply is never 
inexhaustible. The elements prominent in the composi- 
tion of the basic life-substance, protoplasm, are relatively 
rare elements. And some of the chief constituents of 
bone and teeth are excessively rare — in the comparative 
scale. Phosphorus in particular, which enters into the 
composition of protein as well as bone, is present in the 
earth's crust in very limited supply. Lime is more abun- 
dant by far, but is subject to being leached from the soil 
by seeping and running water. 
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These arc very elementary truths, familiar to every’ 
tiller of the soil (in general terms, if not as to chemical 
techmcalities) at least from classical antiquity. No 
farmer needs to be told that he cannot continue to grow 
good crops without restoration of depleted elements hy 
fertilization But we do not always stop to reflect that 
the same pnnaples of soil exhaustion through leaching 
apply to wild pastures; and that the grazing populations 
do not restore to the soil immediately all the essential 
elements that they remove and store in their bodies. 

Take the matter of phosphorus as an illustration. 
Bones and teeth are composed largely of phosphate of 
lime. The carcass of an elephant stores a ton or several 
tons of this substance And stores it permanently, while 
the animal lives, and for ccntuncs or millennia after- 
ward. The great bones do not instantly crumble. TThcy 
lie bleaching or buned for the lifetime of many genera- 
tions of the elephant's descendants. Is it not possible that 
the land where these generations forage may become 
depleted of phosphorus, to the point where the supply 
IS inadequate to make proper skeletons and teeth for 
the animals of the later generations? If so, these animals 
must emigrate, or pensh. And this necessity might come 
while still enough of the essential elements remained to 
supply adequately the needs of smaller animals. A mil- 
lion mice require no more bone-material than a single 
elephant. It is even possible that creatures as big as the 
bison (particularly creatures of cursorial habit) might 
find bone material enough, while the elephants and 
ground sloths suffered from phosphorus-famine. 

A slight extension of the same line of thought brings 
in the Vitamins and Hormones — those elusive catalysts 
upon which the operation of the entire lifc-mcchani.'m 
depends, yet whose very- existence was not .mspccted 
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until our own generation. Now the physician recognizes 
“want” diseases among the commonest and most bale- 
ful of maladies. A shortage of iodin causes the thyroid 
disturbance called goiter. A shortage of manganese dis- 
turbs the functiomng of the adrenals that control cir- 
culation of the blood. A magnesium shortage causes 
sterility. Two minute glands in the neck — the parathy- 
roids — must function properly or the system cannot 
make proper use of calaum for bone-building, even if 
plenty of calcium is mgested. 

Such intimate and subtle relations between chemicals 
(some very rare, like lodm) and the vital functioning of 
the animal organism were unsuspected by the phy- 
siologists of yesterday. What we are coming to know — • 
mere glimpses into the vast field of the unknown — tells 
us that the varying chemical constitution of the soils 
may quite possibly be, not merely one feature, but per- 
haps the most salient feature, in determirung the nse 
and fall of animal races. 

It IS well within the possibilities that the great Titano- 
theres, for example, died as a race — an entire Order of 
giants — not because of changing climate, or competition 
of animals of collateral lines, or insect pests, or bacterial 
diseases — but because the soil of their habitat had be- 
come exhausted of, say, iodin or phosphorus, or per- 
haps some other element whose relation to the growth 
and health of organic tissues we do not even now susjiect. 

All this is highly theoretical, of course. But it is sur- 
mise based on observation of the physiological and patho- 
logical conditions of living creatures of today, including 
our own speaes. And it gains plausibility from the re- 
flection that we have every reason to believe that the 
same principles of hfe have applied to every generation 
of organic beings throughout the geologic ages 
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XVI 


THE '310X10 BALANCE” AND 
HUMAN PROGRESS 

T he one tropical animal that seems misplaced in the 
North American fauna is the opossum. This animal 
alone of those that survived the great mortality of the 
Ice Age has heen unable to extend its range into the 
Canadian zone, and yet manages to bve well above the 
fortieth parallel More than a score of its dose cousins 
live in Central and South America. Their escape from 
extinction is explicable; they were able to retire to a 
dimate suited to their radal needs But how account for 
the survival of the Virgima opossum, which sometimes 
is found as far north as New York? 

The answer is given — or at least a part answer — by 
such a photograph as you have doubtless seen; a picture 
showing a dozen or more cunning youngsters clinging to 
their mother’s back, their tails perhaps twined alxiut 
hers. An even more convincing answer, along the same 
lines, is furnished by the anatomical report that an 
opossum has been known to have twenty Eve teats — pro- 
viding for an even more preposterous family. Such 
fecundity as that implies is rivaled by no other known 
mammal. The little tenrec of Madagascar (an Insec- 
tivore) has a record of twenty-one young at a birth It 
appears that the opossum might on occasion surpass even 
that astounding exhibition. 

But even if we consider only the opossum's average 
family of, say, ten or a dozen, we have to do with powers 
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of reproduction of rather appalling potentialities. How- 
ever near the opossum tribe might be brought to c.’ctinc- 
tion, one or two surviving pairs could very soon repcoplc 
a continent. If there were no opposition. 

Of course ^at is an impossible “if." But the prindpic 
of rapid extension of population under average condi- 
tions of adversity holds; and it was probably the opos- 
sum’s capaaty to nse to the occasion in the manner 
suggested that was the determining factor in staving 
off what must at times have seemed inevitable race 
extermination. 

Even after the penod of greatest competition, during 
and after the Glaaal Epoch, was over, times were never 
too easy for a largish, rather unintelligent, sluggish, 
mainly defenseless creature like the opossum. So the 
high birth-rate continued to be of service, and Evolution 
did not find it neccssar>' to modify the opossum's fecun- 
dity, as the fecundity of most larger mammals was 
modified. 

As to that point, a word of explication is perhaps 
desirable. The reptilian ancestors of the mammals were 
excessively prolific, as egg-layers arc wont to be. And 
doubtless the earlier mammals retained something of the 
prolificncss of their ancestors. The fecundity of the prim- 
itive types of mammals, like Inscctivorcs and Marsupials 
(of which tenrcc and opossum arc examples) to this day 
IS suggestive. But as mammals advanced in size and 
capaaty for meeting life's emergencies, it became ex- 
pedient to curtail their individual birth-rates in the in- 
terests of the species involved. For the most active com- 
petition that any animal experiences in the Struggle for 
Existence is likely to come rirom members of the animal's 
own speaes — whose food habits arc of course identical. 

Hence it becomes expedient to expenment with the 
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number of offspring to be borne at once, and the frc' 
quency of litters, to find out what is the happy mean 
between overpopulation and race suicide. The balance 
must often be very delicately adjusted. Endless genera' 
tions of experimentation must have been required. 
Doubtless there were thousands of species that disap' 
peared, because the test was earned a little too far 
under conditions more favorable than those that sub' 
sequently obtained. 

But in the end, every species that became and re' 
mained prosperous had been so adjusted that the balance 
between its birth-rate and its average death-rate, over 
a reasonable period of time, was slightly in favor of the 
births as against deaths. Such an adjustment was 
obviously absolutely essential. And it is almost a truism 
to say tlut the adjustment was made on that basis for 
every speaes that was to persist. 

But the vicissitudes of life are so different for dif- 
ferent species, that the actual birth-rate might vary with- 
in rather wide limits. The opossum, as we have juk seen, 
must bear a dosen or so offspring on the average, m 
order to match the death-rate of its species. If its average 
were to drop to, say, five, for any considerable period 
(unless the hazards of life very materially bettered), 
there would soon be no opossum left in the world. But 
meantime the Canada porcupine (which, like the opos- 
sum, is the sole northern survivor of a tropical family) 
has so much less hazardous life — owing to its matchless 
defense mechanism — that it can afford to restrict its 
average family to about two offspring (with four for 
maximum) , and yet continues to thrive as a species. 

And the bat, which has the perfect defense, finds life 
so unhazardous that Evolution has taught it how to 
practise birth-control to the extent of limiting its quota 
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to two offspring, or even a single one, and thereby so 
adjusted the relations of the life and death issue that the 
bats have prospered amasingly, and spread their habitat 
round the globe. 

The opossum, with its family of twelve or fourteen, 
has barely been able to hold its own in a limited territory 
of the eastern United States. The bat, with one or two 
offspring to carry on the tradition, has spread across all 
zones and continents. Obviously, then, the birth-rate 
by ttself IS no entenon of prospenty. We may well bc- 
licv’e that if the bat were to increase its average family 
to three, even, the competition through overpopulation 
would soon be so great that bats would be running 
afoul of one another in the air, and perforce practising 
cannibalism in the attempt to escape starvation. 

I ate these random speafic instances merely to give 
point to the brief general analysis of the matter of birth 
versus death in the animal world that I wish to make 
by way of summary of the subject of the Balance of 
Nature which has been, in effect, the theme of all our 
studies of animal life. The examples of extinct forms of 
life, and the suggestions as to possible causes of extinc- 
tion, have been designed to lead to the same end. All 
that is now required is to state in general terms the' 
simple principles that appear to be involved, the unity 
of which might perhaps escape observation because of 
the varied asjaccts of their exemplification in particular 
habits of diverse species 

In a nutshell, the whole basis of the evolutionary pro- 
cess — whereby races have been developed, and modified 
and differentiated, and specialized and exterminated — 
is this: 

The future of every spcacs of animals, estimated at 
any given time, is conditioned on the relation of its birth 
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rate to its mortality rate, over a brief series of genera' 
tions Otherwise stated, the potential fecundity of the 
species, as measured against the actual average death' 
rate, determines whether the species is numencally ex' 
panding or dechning, or remaining stationary. And for 
an animal speaes in a state of nature, a declining popu' 
lation involves grave hazards 

A recent wnter. Dr Royal N. Chapman, has put the 
matter succmctly, in technical phrase, by calling the 
birth'rate of any speaes its “biotic potential” (capacity 
for increase of population if unopposed), and sum' 
manzing the hazarcfe of life that account for the death' 
rate under title of “environmental resistance.” The new 
terms have value m aidmg one to visualize en masse the 
conditions mvolved m what is commonly spoken of as 
the “Balance of Nature.” Every fact of habit or circum- 
stance of animal life that we have had occasion to ex- 
amine in the successive chapters of this book may be 
classed under one or the other of these alternative 
headings 

The whole story of animal hfe, past or present, is a 
story of the biotic potential versus the environmental 
resistance, of mdividual or collective speaes. 

Less techracally stated, it is a story of the Urge to 
Live, hampered and perenmally checkmated by the Im- 
pediments to Living. 

The varied ways in which the urge manifests itself, 
and the numberless expedients by which it is sought to 
overcome the impediments need not be recapitulated 
here. Nor do I suggest that the new names just ated 
add any essential to the simple thesis that every animal 
mechanism has been evolved as an aid to its possessor in 
the struggle to maintain life and perpetuate its kind. The 
old Darwiman phrases, “Struggle for Existence” and 
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“Survival of the Fittest” are merely restated by the new 
terms. Yet a restatement often has great value, in giv- 
ing a view of an old field from a slightly different angle. 

In any event, my present purpose, in presenting the 
new terms, was to make tangible an application of the 
whole evolutionary story to me biotic conditions of our 
own race. We, too, are mammals, and no forced anal- 
ogies are called for in making such an application. It 
is just as true for the human race as for any other, that 
the balance between “biotic potential” and “environ- 
mental resistance” must determine the issues of race- 
maintenance and progress or decay. ’ 

But while this is obviously true, it is also true that the 
conditions by which the terms of the declaration are to 
be interpreted have changed. The difference is this: 

Man’s intelhgence has placed hidi m position to do 
two fundamental things that no other mammal has been 
able to do — no other mammal, I say; note the word. 
These thmgs are: (1) Control of the biotic potential, 
and (2) E^ndal control of the environmental resis- 
tance. 

In other words, man can change the essential condi- 
tions of the entire life problem, as it has confronted the 
mammalian world from its earliest development to the 
present hour. Evolution changed the biotic potential of 
mammalian species by slow gradations to meet ever- 
changing needs. But no species at any time had volun- 
tary control over that potential. The urge to procreate 
was as imperative as the urge to breathe. Even tho in- 
crease of population, under changed conditions, would 
spell death for the species, the members of the species 
had no power to hold population in check at the source. 

It is true that the social insects learned how to do 
this. Bees and ants can and do regulate their population. 
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to meet the changing needs imposed by changing en- 
vironments. But man is the first mammal who has at' 
tained the insect standards of intelligence for the meet' 
ing of such an emergency. 

As to the other side of the equation. It needs no tell' 
ing that no mammal has ever developed the intelligence 
to exercise, even in the smallest degree, control over the 
environment in which it found itself. The beaver is per' 
haps the one mammal in whose favor a slight exception 
must be made. The beaver docs build a dam and make 
a home that protects his family in a measure from envi' 
ronmental resistance of every type, including, for exam' 
pie, drought, cold weather, and the direct attacks of 
wolves and pumas. 

But this partial exception only emphasizes the con' 
trast between the conditions of life under which mam' 
mals in general live, and those under which man lives. 

Man makes his own environment. If food is lacking, 
he cultivates soil, and secures the food. He domesticates 
animals and finds workers to help him, and new food 
supphes. And this is only the beginning. He harnesses 
the forces of nature, and makes hght, heat, electricity 
work for him. In a word, his environment is under his 
control, to an extent that could never have been pre' 
dieted as possible from observation of the history of any 
other race of beings — even the insects. 

And that, in effect, is what I wished to say by way 
of interpretation of the formulEe that have determined 
the evolution of animal races, from Monotreme to Man. 
I have pointed out that there is no evidence for the sug' 
gestion that any race, as such, becomes decadent. I now 
pomt out that man is measurably free from the ancient 
handicap of the fatality involved in the necessity of 
every mammal to increase its kind at a geometneal ratio. 
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regardless of the need; and the certainty of becoming 
out of step with its environment, when the environment 
changed. 

The old conditions do not hold for civilized man. He 
has become in large measure master of the primal con- 
ditions that determined the evolution and the destruc- 
tion '^f the races of the past. He is master of his own 
destinies, in almost the full meaning of the words. He 
need not be the victim of the old beast-laws of the 
Struggle for Existence and the Survival of the Fittest, 
unless he voluntanly chooses so to be. 

In effect, he can substitute human mtelligence, the 
highest product of Evolution, for Evolution itself as 
the determining factor in the future development of 
the highest mammalian product — his own speaes. 
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139 , of the Crusades, IX, 57*61 , 
of the Eobippos. II, 91-100, of 
Fishes, II, 30; chapter on, 31-33; 
of Mammals, II, 91-137. of Man. 
11, 167-190, of Reptiles, early pe- 
nod, n, 44^ dawn of the, 47-55, 
turassic penod, 48 , nickname for 
Mesoioic era, 77. 

Ages, geologic, II, 12-13. 

Agmeourt, battle of, VU, 162, 
Agriculture, achievement of early 
man, VI. 21. 

Airplane, X, 5p ; early and late mod- 
els, 81 : ertenor ana interior views. 
107 , above the clouds, 108 ; ap- 
proaching landing 6eld, 108. 
Airship m flames, VII, 2 
Alribudes, Agathon and Socrates, 
Viil, 66 


Alcoueon, of Proton, VIII, 74, 95. 

Alcohol, X. 97-102. 

Aldebacan, J, 69. 

Alexander the Great, death of at 
Babylon. Ill, 65 , superior to petty 
superstitions. 145 , VI, 42 , conquests 
of. VII, U, 29. 30. 36, 4l. 

Alexandria, as center of learning and 
culture. VI. 42-50, VIII, 159*171 

Alfonso X, of Castile, scicntiflc inter 
csts of, in, 177 

Algol, I, 92 

Alhambra, the, extraordinary decora- 
tions in. III, 178. 

Albazen, study of optics. III, 177 , 
measured height of atmosphere, 179- 
182 , diagram of his method, 160. 

Allspice, dryir^, V, 172. 

Almagest, of Rolcmy, VIII, 146. 

Alphabet, development of the, HI, 
99*125, Persun contnbuhon to, 
119. Greek additions to, 123* Hin- 
du, 173. VI, 37, VII, 58-60. earli- 
est Semitic, VlII, 167. 

America, visited by the Northmen 
from Iceland, IV, 49-55 , invention 
of the name, 67 , discovery of by Co- 
lumbus, IX, 79. 

American chariot of war, VII, 33 

Ammonites, manne, II, 75 

Ampire, Andri Matte (portrait), V, 
61. his atomic theory, 97. 

Amphibians, U, 41. 

Amundsen, Captain Roald (portrait), 
IV, 81, attained South Pole, 85, 
first explorer to visit both poles, 89 

Amundsen, a-wing and a-sledge, IV, 
40 

Anaxagoras, "The Great," VIII, 81- 
93 , intimation of law of gravita- 
tion. IX, 142. 

Andaman Islanders, II, 162. 

Andr6c, Salomon August, IV, 85, 
89 , his ill-fated expedition (pic- 
tures), 86 87 
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Andromedft nebuli, diameter of, I, 
88 , 69 . 

Angelico, Fra, CruciSxion by, IX, 55. 
Angler-fiih. A^, 190. 

Animal arcmtecturc, development of, 

II, 118 

Animal behavior, philosophy of, IV, 
98-103. 

Alpha C^taun, I, 97. 

Alyattns, Vni, 49. 

Amaaon, statue of an. VIII, 126. 
Animal life zones, diagram of, IV, 
114. 

Animals, Babylonian classification of, 

III, 87, domestic and their story, 

IV, 91'93 , chance mutation in breed 
ing, 93 : modifications of structure 

S r^oced by evolution. 101 , camou- 
aM and protective coloring of, 105- 
115, special adaptations of, 115- 
167 , migrations of, 168-176 , color 
variations of, 183-186. Aristotle's 
classification of. VIII, 111 . problem 
of their extinction. X, 160-168 
Annexation methods Fenn and La- 
Salle. rv. 76, 

Annexing Amenca, IV, 52. 

Antarctic continent, coal deposits on, 
I, 146, chinse inj)ositioo of, 11, 9. 
Antarctic cx^orations, IV, 89*90. 
Antelope, pronghorn, and extinct 
camels, 11, 154 

Anthologies, in Middle Ages, Iff, 
165; Roman, VIII, 31. 

Anticthon, VI, 69. 

Apex of sun's flight, I. 106 
Apollo and Pan, statues of, VIII, 84. 
Apollonius of Perga, VI, 50. 
A^thccary, invented by Arabs, III, 

Apoxyomenoi: Antique copy of 
bronze by Lysippus. VlII, 90 
Aquinas, Thomas, III, 159. IX, 61. 
Arab astronomers, famous, III, 175- 
177, physicians, 182-192. 

Arabian biography of Mohammed 
(page fromf, III. 170. 

Arabs, and Greek learning in Middle 
Ages, III, 165-169. 

Arago, Dorrunique Francois, studies 
of nature of li^L V, 54, produced 
magnets by electrical induction, 60. 
Arbalest, VII, 151, 159. 

Arcbeopteryx, IT, 52. 

Archeozoic era, II, 10. 

Archimedes and the foundation of 
mechanics, VI, 41-66; portrait of, 
40. murder of, 58, invention of ex- 


plosives, VII, 188. 

Arctic bwr and African lion, IV, 
126; Arctic explorations, IV, 19 
75-83. 

Arcturus, I, 70. 

Aristarchus of Samoi, VI, 67-75 
IX. 93. 

Aristotle, I, 27 , on size of the earth, 
VI, 81 . "The Versatile/* VIII. 103 
114, ^bics of (facsimile page), 
JX, 12. 

Arizona desert, erosion In, I, 162. 
Arkwright, Sir Richard, X, 136. 
Armadillo and horseshoe crab. IV, 
116; fossil and living armadillos. 
II. 128. 

Armenian manuscript, thirteenth 
century, Vni, 46, 

Armor, snrtetnth-ccnhi^, VI, 99 , 
Roman. VII, 71-73; for man and 
beast, 115. of Charlemagne, 119, 
medieval changes in, 119-122, of 
the Crusaders, 143-157, statues of 
men in, 164 , transition from chain 
to plate, 165-170, embossed coat of 
(pictured), 166; suits of, 174, 175. 
Armored batfish, IV, 112. 

Armstrong, Major, X, 47. 

Arrhenius, Prof. Svante, I, 91. 
Arnan, VIH. 36, 45. 

Artbrodirans, II, 34. 

Arthropods, II, 21. 

Artillery, anaeot and modern, VII, 
148. 

Art preservitrvc of arts, the, IX, 
13-44. ^ ^ 

Arts of painting, sculpture and dec- 
orative architecture, achievements of 
early min, VI, 30: art of writing, 
31; development of writing in Ro- 
man period and Middle Ages, IX, 
13-35. 

Assembling a skeleton, 11. 59. 
Asahurban^al, King^ III. 71 . added 
to royal libraiy at Nineveh , pictured 
bunting, 88; VIII, 13. 
Asibumazirpil, III, 71 
Assyrian sculpture. III, 72 ; Assyrian 
king offering a libation, 76. 
Assynology, III, 67. 

Astrobbe and compass, IV, 12 ; 
astrolabe, 27. 

Astrology, Babylonian, III, 77-86. 
Astronomer priests of Egypt, III, 43 
Astronomical instruments, anaenl 
Cbinete, I, 48; astronomical driving 
clock. 72. 

Astronomy, Egyptuin, III, 20, 43-48, 
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Childwo, 73-82. Greek. 131-139; 
Anbian, 175-177. 

Athens, i* t center of culture, VIIi» 
82. 

AthletJa, Greek, VIII, 57 ; modern, 
benefits of to health. A, 112-125. 
Atmospheric pressure, studies in, VI, 
147.151. 

Atom, a miniature pUtictary structure, 
1, 39; chemical studies of in nine- 
teenth century. V, 91-125 ; energy 
stored m, X, 17-25. 

Atomic theory, V, 92-100. atomic 
weights, Dalton's theory of, 92-93, 
100 , atomic affinity, i07 , atomic 
energy, tapping, X, 17-25. 

AttUa tnc nun (portrait), VII, 102. 
Augustus Cesar, vll, 79 85 . portrait. 
81 . life in Roman Forum in the age 
of. VIH, 139. 174. 177. 

Aurora bortafii, a possible explaru- 
tion of. I, 37. 132, 

Australians with boomerann. 11, l62. 
Automobiles, quantity production of. 
X, 49, by the million. 50. racing, 
55 , on shipboard ana in Hudson 
tube, 62 . assembling of, 79 . early 
and late models, 60. 

Avenue of Sphinxes, Kamak, Ul, 46 
Averrhoes, fil. l67. 

Avignon, scat of the popes, IX, 62. 
AvoMdro, Amedeo, discovered mole* 
culei V, 9^; law of. 97 
Aitecs, pictographs ot. III, 105 

BAAL, a sacrifice to, III, 88. 

Baalbec, ruins of Temple of the Sun, 
III, 146 

Babylon, lU. 65 . VII. 10, 

Babylonian map, III, 62 , sdence. 63* 
p7 ; monument, 64 ; tablets, 66, 108 
inscription. 97, 106, records (pic- 
ture)^ Vf, 39; records long buried 
in rums. VIII, 13. 

Bach, Johann Sebastian, and Frede- 
rick the Great, IX, 157 
Bacon, Sir Francis, facsimile of MS 
of, IX. 124. 

Bacteria, II, 85. 

Badger, as example of evolutionary 
adaptation, IV, 131. 

Balance of Nature, the. IV, 115-125, 
X, 179-181. 

Balbius, VII. 56. 

Bilbpa, discovers Pacific, IV, 66. 
BalUsta, VII, 42: pictured with long- 
range cannon, 44 
Balloons (pictured), X. 103. 


Barometer, invented by Torricelli, VI, 
150. 

Basket-ball, X, 120. 

Baskets, primitive, VI, 17. 

Bis-rellcf, Egyptian, HI, 104. 

Battering rams, Greek, VII, 46-47. 

Battle of Persians and Greeks. Ill, 
142. 

Battles of fourteenth and eighteenth 
centuries, VII, 183. 

Baia. siege of, VU. 189. 

Bears and oraogs, IV, 150, gnuly 
bear, X, 159. 

Beaumont. Elic dc, theory of moun- 
tain formation, I, 163. 

Beavers at work, X, 183. 

Bedouin of Egypt, vl, 24. 

Beethoven, Ludwig van, portraits, 
IX, 160, 184. 

Bell telephone, VI, 185. 

Bcluchitnere, II, 90. 

Berosus, III, 67. 

Berxelius, Johan Jacob, V, 57 ; advo- 
cated atomic theory, 97-100; por- 
trait of. 99, his binary theory of 
chemical compounds, 103, 105. 

Bessel, Pnednch Wilnclm (portrait), 
V. 89- 

Betelgeuie, I, 68. 

Bible, authonzed English version of, 

IX. 30-35.. 

Bigbom and sea lion, IV, 140, 

Bullards, X, 121, 

Binary system of stars, 1, 57 ; btna^ 
theory of chemical compounds, V, 
103 

Biology, a century’s progress in, V, 
129-153. 

Biotic balance and human progress, 

X, 177-185. 

Birth-rate and death-rate, balance 
between, X, 17^. 

Bison, prehistoric, II, 126, 136, 

Amcncan. X, 158. 

Bird, earliest knov.-n, II, 52 ; wing- 
less, 56, evolution of, 64-65; flight- 
less. 74. 

Black fox and spotted hyena, IV, 128. 

Black, Toseph (with TornceUi), VI, 
149; discovered latent heat, 166. 

Black Pnnee, VII. 165. 

Boadicea in Revolt, VII, 96, 

Boccaccio, IX, 66, 74. 

Body, the human, X, 65-79. 

Boe^ms^ III, 157; IX, 55. 

Bohr, Niels, studies of the atom. I, 
59. 
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Bolograph, or ''»oUr*raergy spectrum 
curve, 1, *^3. 

Bolometer, 1, 52-3« 

Book of tbt Dead, simple page from, 
IIL 112. 

Books, in Middle Aces, III, 162>165. 
in Alexandni, VlII, 139*171; of 
papyrus, 164*166. of wooden tab- 
lets, 166 , of parchment, 165 , mak- 
ing of m annent Rome, 173*191 ♦ 
mcuicval development of, IX. 13-44 . 
Assyrian, 25 ; Roman illustrated, 43. 
Booth's comet of 1911, I, 125. 

Boreal center, IV. 75. 

Boss. Lewis, study of movements of 
stars, I, II. 14, study of star clus- 
ter. 120. 

Bothner, George, Virestler, X, 124. 
Boulders, how transported, I, 165, 
of granite, 176 

Bowman, a Stone-Age, If, 154, mod- 
ern of 'Herra del Fuego, 155. 
Brachiopods, 11, 17, 18. 

Bradley, James (portrait), VI. 141. 
Brahe, Tycho, I, 16, 89, IX, 96. 
portrait, 97, 98. work of, 101, 102, 
106, 112 

Brahminism, Vlf, 24 
BraKms, Johannes, portrait, IX. 184. 
Brain, of the pro-ape, II. 172. the 
human, X, 77. 

Brain-making experiment, the great. 
If, 161-190 

Branca, Giovanni, experiments with 
steam. VI, 156. 

Brevit^, Queen Isabella s, IX, 40. 
Broadcasting by radio, earliest and 
latest methods, X. 63 
Brontosaurus, II, 54. 

Brontothere, II, 88 
Bruno, Giordano, V, 18, burned at 
stake, 22. 

Buch, Leopold von, I, 160, theory of 
mountain ongiris, 163 
Buddhism. VII, 24. 

Buffon, G)mte dc (Georges Louis Lc- 
clcrc), V. 131. 

Bugler, The. VII, 117. 

Bunsen, Robert Wilhelm, perfected 
spectroscope, V, 122. ' 

Buoyancy of water, studied by Archi- 
medes, VI, 63. 

Burbank, Luther (portrait), V, 162, 
achievements in plant breeding, 
I66-19O. 

Burmese MSS on gold and ivory, 
VIII. 21 


Burnham’s list of double stars, I, 94. 
Bums, Robert, manuscript by, IX, 
179. 

Burrowing for safety, IV, 154-167. 
Butterfly, potential progeny of one, 
IV, 90 ; protective coloring of, 106 
Byrd, Admiral Richard E., L 148, 
11, 9 , picture, IV, 22 ; portrait, 84 , 
flight over North Pole, 89 , Ant- 
arctic flights, 89. 

Byron, Lord (portrait), V, 86. 
Byzantium, VII, 12; Byzantine Em- 
pire. DC, 15. 

CABOT, John and Sebastian, por- 
traits of, IV. 58 , explorations of, 69 
Cactus, giant, V, 169; ’’desert water 
barrel,’ 191. 

Canar and Cleopatra, VIII, 136. 
Orsar, Julius (portrait), VII, 75; 
CmUIc \ran of. VIII, 37; Oesar 
takes Calpurnia to wife, 143. 
Calamus. VIII. 185. 

Calcium flocculus surrounding the 
son, I. 33. 

Calendar. Egyptian, III, 35«53; Baby- 
lonian, 74-82. Gregonan, IX, 107 
Calvin^ John, IX, 163. 

Cambrian penod, JI, 11; Holarrtlca 
in the, 15-25 

Camel and bedouin. III, 24, 
Omouflage and ’’recapitulation,” IV, 
105-113. 

Campbell, Prof. W W , achievements 
in observation of stars, 1, 11, 14. 126. 
Camera, bunting with the, X, 157. 
Canadian Rockies, the, I, I66. 

Candle tree, V, 165. 

Canis Mamr, 1, 115. 

Cannon, first use of, VII, 189 ^ 

Canoes, Andamanese and Australian, 
n, 173 

Carboniferous penod, 11, 11, 36, 37- 

43. 

Cardamoms, picking in Ceylon, V, 
175. 

Caribou and extinct mammoth, 11, 
145 

Carlos of Austria and Henry VIII 
(equestnan portraits), VII, 150, 
Carnivores, II, 119. 

Carnot, Sadi, on transformation of 
work into heat, V, 67. 

Carnngton. researches on sun spots, 

Carnage, VII, 9, 

Cassiopeia. I. 1 15. 
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Cistlc St. Angelo, Rome, Vin, 155. 
Cistruccio, IX, 62. 

Ot, developrocat of claws, II, 95, 
ubet-tooth, 102, 103, 117- 
Catapult. Vll, 42. 

Ots, ancestral and modem, IV, 174. 
Cattle (‘'evolution in evidence*'), IV, 
158; (“selective breeding*), 162. 
(“creative development '), 164-5. 
Ous, Solomon de, VI, 153. 
Cave-man, art of. VI. 34. 

Cave-man's honeymoon. II, 2. 
Ovendtsh, Henry, discovered hydro- 
gen gas, V, 30 ; portrait of, 31 . dis- 
covered composition of water, 35 
Cavendisbf Inomas, devised method 
of weighing the world, . I. 143. 
Cawley, John, and atmospheric cn- 
pne, VI, 158 

Cell, basil of organic life, V, 38 
Ccnoioic era, 11. 10. 89, 159 
Cepheid vanables, I. 78-92. 

Ccratops, 11. 71. 

Ceres (planetoid), I, 18. 

Chaldean conce^on of the cosmos, 
HI, 62. Chaldean learning. 67, 
Chaldean magic, 63-89. 
Chalk-making extraordinary, If. 73-77. 
Chamberlin, Prof. T C. I. 135 
Chambers, Robert, his Veiliges of the 
hfolMral History of CrtMtton, V, I39 
Champlim and h\s lake, IV, 78 
Chandos, Sir John, VII, 165 
Chapman, Dr. Royal N , X, 181. 
Oianol race, Roman, VIII, 135. 
Charlemagne, VII, 12, military or- 
ganiiabon of, 113-115, armor of, 
119; crowned Emperor of the West, 
IX, 49. coronabon of (picture), 50 
Charles Martel conquers the Moors, 
VII, 107. 

^arpcntier, Jean de, I, 169. 

Charter of King Richard I, with hi$ 
seal, Ilf, 166, charter of Henry II 
(A D 1174) VII, 138, charter of 
Philip II of France (AD II91), 
VII, B9, charter of King John, 

Chemistry of the stars. I. 56; a cen- 
I progress in chemistry, V, 91- 

C^ickeni. Utllcss, IV. 178 , selecbvc* 
ly bred. 184-5. 

Chimpinaec. 11, llO 

and Mayan picture writing, 
Ilf. 102. Chinese language. 111. 


Chinese training for w-ar, VII, 191- 
Chlorophyl. function of, X, 8. 
Chopin, death of, IX, 182 ; portrait, 
185. * 

Chnstiantty, invasion of Rome by, 

vn, 97. 

Chromatin. U, 147. 

Chronometer, ship’s, IV, 28. 
Chromosphere of sun, I, 39. 

Cicero’s ArMtea, III, 154; bust of 
Cicero, VIII, 151 ; speaking against 
Cabline, 152. 

Omabue, IX, 67, 

Cinnamon m Cc\Ion, V, 180. 

Clark. Alvan G.. I. 71. 

Classical science, a retrospective glance 
at, in. 127-153. 

Clepsydra. IV, 31. 

Cliff dvitUin«, Mesa Verde Park, 
Colorado, II, 156 

Clocks, astronomical driving, I. 72. 
Babylonian precursors of. III, 79; 
operated by weights and pulleys, 
IV. ^2. 

CloUitng and housing of prehistoric 
man, VI, 12. 

Clove trees, Africa, V, 178 
Coal beds, when formed, I, 148, 
when made, II. 37-43. 

Coast defense, modem (big guns), 
VII, 149. 

Coat of armor, embossed, VII, I66 
Code X., 140 , Code Na- 

poleon, 140. 

Coffee, drying and roasting, X, 96; 
drinking of, 97. 

Cohort, Roman, introduced by Man- 
us. VII. 73. 

Cold light, problem of, X, 46 
Cole, Humfray, IV, 21. 

Colonnade at Luxor — Temple from 
the Nile, III, 32 

Color vanatiOns. in mammals, IV, 
183 . nature of color, IX, 139- 
Colosseum. Roman, III. 150, VII, 94 
Colossus of Rhodes, VI, 45 
Columbus (anatomist). IX, 162. * 
Columbus, Kristopher, at Court, IV, 
52 , his discovcncs, 59-67 . IX, 77. 
87. 

Comet, Booth's, 1, 125 , Halley’s, 125 
Commena, Anna, VII, 145. 

Compass, knowledw of brought from 
East by Arabs, Iv. 10 , picture of, 
12, development of, 11-20, modem 
of Lord Kelvin, 20 
Condor, California, IV. 120 
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CoDfacianism, VII, 24. 

Conifers, 11, 68. 

Conscrvition of energy. Uw of, V, 69. 
Constantine's array ( By This Sign 
We Conquer"), VII, 105. 
Constantinople, fortifiations of, VII, 
181 ; as center of civilization, IX. 49. 
Continental diiplaceraent theory, I. 
148: continental masses, moveraeot 
of. 11. 10M07. 

Cook, Dr. Frederick A., IV, 75 
Copemican theory, promolgited by 
Galileo, VI, 102. 

Copernicus, Nicholas, I, 10 . IX. BS- 
PS, portrait of, 89 
Corals (sea anemones and), tl, 14, 
22 . 

Corbett, James T , in action, X. 1 14. 
Corinth. last nays of (war Kene), 
VUI, 116. 

Corn, picking by machinery, X, 32 
Cornaro, Count Lut^, portrait of by 
Tintoretto, X, 84 , how he prolonged 
his life, 85-94 
Cornelius Nepos, VIII, 37. 

Cortez and Smith, IV. 60 
Cortez conquering Mexico. IV, 68 
Cosmic ray, I, 45. 

CosmoloCT, the new — Copemicns 
to Kepler and Galileo. IX. 67-135. 
Costiunes, primitive, II, 168, 169. 
Roman (pictured), VIII, 125 
Cotton, bale ^o basket, V, 183: /gath- 
ering and shipping, 186, picking, 
189, 190. 

Cotton mill, VI, 161. 

Couper, A, S., V, 108. 

Crecy, battle of, VII. 162, 189. 
Cretaceous period, If, 45, 73*87, du- 
ration of, 77. 

Cretan goddess, Ilf, 126. 

Crete, sculpture of. III, 84 ; excava- 
tions ID, 101. 

Crinoids, II, 40 

Cro-Magnon man, hunting the mam- 
moth, II, 122; and living Pata- 
gbnian, 179; of saoM spedes ts 
modern roan, 190. 

Cross-staff, Iv, 23. 

Cfotonian school of philosophy, VIII, 

Crusaders, VI, 98 ; setting forth, VII, 
124; on their way, 125, in action, 
126, 127; wars of the. 144-157. 
Crusades. VII, 13. 143-157. age of 
the. IX. 57-^1. 

Cryjl.Ili 2 .tion. .nglej of. V. 100, 


Ctcjibitu and Hero: M.gians of Alex- 
andnt, VI. 83-92. 

Cumetn Sibyl fainting). VIIl, Hi, 
Curtis. Dr. H. D.. I. 128. 

Cuvier. B.ron Geor^ Leopold, pio- 
neer studies in paleontology. I. 155. 
161 ; opposed transmutation doc- 
tnne. V. 136. 

Cyanogen, V, 105. 

Cycadi. 11. 68. 

Cyrus, Vn. 11; VIII, 39. 

DAGUERRE. Louis T. M. (portrait). 

V, 121 , perfected photography, 123. 
Daguerreotype portrait, first, VI, 187. 
Dalton, Jonn (portrait), V. 90. me 

tcorological and chemical studies, 
91-93 , atomic weights, 98 . author 
of atonuc theory, 100. 

Damascus, III, 183. 

Danes, first raid of into Frankish ter- 
ritory, VII, 128 

Dante Alighieri, III. 157 ; IX, 55, 66, 
74 , a manuscript of, 26 , Dirwe 
Comtdy with portrait, 56, 

Dark Age, science in, HI, 155-169. 
Danuj, King, inscriptions of, III, 
118, puzzled by Scythians' message, 

VI, 31 , Vll, 1 1 , treated by Demo- 
Wes. VHI, 96. 

Dark stars, 1, 95: 124. 

Darwin, Charles Robert, observations 
of Patagonia, I. 160; erolutioniiy 
discovenes, V, 140-153 : portrait of, 
141. 

Darwin, Erasmus, dream of transmu- 
tation of species, V, 131'153. 

Davis, Dr. Nathan S., X, 101. 

Davy, Sir Humphry, photographic ez- 
periments, V. 13 : study of neat vi- 
brations, 26; portrait of, 29; study 
of ozygen, 4l , on "chemical and 
electrical attraction,” 57; on tnas- 
formation of molar into molecular 
motion, 65, 75 ; electro-chemical 

discoveries, lt)l-I03. 

Defense mechanisms of animals, IV. 
137-148. 

Democedes, first physidio known his- 
torically, VIII. 96. 

Demosthenes orating by the seashore, 
VIII, 99 

Dempsey, "Jack," in action, X, 115. 
Denudabon of the land, I, 149. 
Descartes, Renf, formulated law of 
refraction of light, VI, 146. 
Dcslandei, study of sun spots, I. 32- 
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De Soto »nd the Missisiippi. IV, 62. 
Derillc, Stc.'CUirc, V, 111. 

Devonian period, II, H, 31'35, 
Ditdcs, Vfl, 48. , ^ 

Diameter of a aUr mctsuied, I, 68. 
Diaz, Batholomeu, IV, 49. 

Dickwi, Charles (portrait), V, 127. 
Diet, cncct of on animal organitm, 
IV, 188, for longevity, X, 88*94. 
Digestion, problems of solved. V, 40 
Dikellocepnalus, 11, 24. 

Diodorus Siculus, on building of the 
pyramids. III, 31 , on Babylonian sa* 
cnce, 91‘94, as historian, VIII, l7. 
Diogenes and Alexander, Vni, 112 
Diogenes Laertius, VIU, 57. 

Dinosaur, II, 43, 49*51 . duck*billed. 
50 . unearthing a, 78. 

Dion Cassius, vll, 106; Vin, 36. 
Dionysius, VlII, 36. 

Discobolus of M^n, VUI, 127. 
Dtoscordts : A Treattse on Piantt. 
seventh century. III, 158 
Diplodoau, II, 68 
Discus throwing. X, U3< 

OissipttioQ of energy, Thompson's 
doctrine of, V, 80. 

Dissocfatjon of molecules, V, ill 
Diving, I^h, X, 126. 

Dodge, Theodore Ayrault, on the 
Greek phalanx, VJI. 35. 

Do^ descent of, iV, 92; two very 
dirfcrent dogs, 95 . Hnt animal to 
be domesticated, VI, 19: dog cart to 
rtterpillar tractor, a. 36. 

Dolce, Carlo, *‘St. Cecdia" by, IX. 
115. 

Domfsdar Book (A.D. 1086), page 
from, III, 160. 

Domestic scene at Athens, VIII, 79. 
Domesticabon of intmals, achieve- 
ment of early man, VI, 15, 

Doppler effect In ip^nim, 1, l6. 
Doable stars, Burnnam's list of, I, 94. 
Draper. Dr Henry, I. 59. 

Draper, Dr. John W., work %ith 
ipectro-photography, V, 124. 

Druw that entice, X, 97-102. 
^ck-billed platypus, IV, II3. 
Dumas^ Jean Baptiste Andri, work m 
organic chemistry. V. 104. 119. 
I^pdecimil system of Babylonians, 
III, 96. 

DDrer. vuiti Hans Sachs. IX. 72. 
engraving by, 73. 

Dutton, Clarence, I, 147. 

dwelling of African pigmies. II, 170 , 


dvi'tlljngs, primitive and less primi* 
tlve, II. 180 

Dynamos 10 action, X, 60. 

EAGLE and California condor, IV, 

120 . 

Earth, interior of, I, 149 , structure 
of. 141*146; estimated age of, l45, 
a cooling globe, 177 , effect of whirl* 
ing motion of. Il, 8, spherical shape 
first known by Greek astronomers, 
III, 131 , measurement of, by Eratos- 
thenes. 135, by the Arahs^ 173. 
magnetism of, discovered by Gilbert, 
VI, 132; heat in depths of, X. 57, 
Easton, views galactic system as giant 
spiral nebula, I. 128. 

Earing to live, X, 85*94. 
Echinoderms. II. 40. 

Eddington, Prof. Arthur Stanley, I, 
11 ; on sun temperatures, 39 , theory 
of transformation of matter into en- 
ergy. 47. 49, 74, 123 . on heat given 
oft by the sun, X, 47. 

Edentates, II, 129. 

Edicts of Asoka, VIll, 32 
Edison, Thomas A., inventor of pho- 
nograph, VI, 185, portrait of, X, 
146. 

Edwards, Amelia B , VI. 33. 

Egypt, today and yesterday. III, 56. 
Eg^tiin hieroglypnics, HI, 22 , des- 
ert, 24, Kicnee, III, 21*6l , tern* 
tory. VII, 9*10; kinn, 26. 
Egyptian-Aramaic stele of third cen- 
tury, III, 110. 

Egyptians in peace and war, VII, 22- 

20 . 

Ehrlich, Paul (portrait), V, I6I. 
Einstein, Prof Albert, 1, U ; theory 
of relativity, 73. 

Elasmotherc, II, 90. 

Eleatic school of philosophy, VIll, 
70 

Electrical properties of matter, studies 
in by Davies, V. 101*103. 
Electnaty, early developments in, V, 
27 ; forms of identified by Faraday, 
62, a milhon-volt discharge of, a, 
145. 

Electric light plants, X, 12. 
Electronic borabirdmcot of atmos- 
phere, I, 37 

Electrons, I. 40; X, 22. 47. 
Elements, built of helium ^ 

44, in the stars, 55. 

Elephants from Africa. II. • 



192 


INDEX 


eirly development of, 1 31 ,, skeleton 
of Amcnctn elephant, 132 ; imperial, 
in California. 133, with prehistoric 
bison, 136. elephants of war, an* 
aent and modern. VII, 64 , reasons 
for disappearance of, X, 135*136. 
Elk. extinct and living, 11, 130. 
Embalming the dead, Egyptian, III, 
53*55 

Emerson, Ralph Waldo (portrait), V, 
158; "Institutions shadovi.s of great 
men," VI, 7 

Empedocles, studied pressure of air. 
VI, 87, VlII, 62, "observer and 
dreamer." 72-77 
Enemies, subtle, X, 169*173. 

Energy, of the sun, I, 51 , atomic. X, 
17*25 

English landing at Roanoke, IV. 14 
Enslaved prisoners passing under the 
yoke, Vli, 93 

Environment, its contest with hered- 
ity in evoluhon, IV, 107-111, the 
power of, 181-190 , always changing. 
X, 167, man makes hii own. 184 
Environmental resistance, X. 161 
Eoaothropus, IT, 138. 140 
Eocene epoch. 11. 89. 

Eohtppus, age of the, II, 91-100 
Epaminondas, VII, 30. 36 
Epapbroditus. VIII. 174 
Equilibrium of fluids. Galileo’s 
studies in, VI, 114*120 
Eqiune variation. IV, 156. 
Eratosthenes. "The Surveyor of the 
World," VI, 75*81, VIII. 118. 

Eric the Red. IV, 49*51 
Ericson, Leif, IV, 50-53. 

Erman, Prof Adolf, VII, 25-27 
Eros planetoid), I, 17 , its diKOvery, 
18, Eros campaign for measurement 
of solar system, 20 
Erosion, by sea waves, I, 146 . by 
water, wind and chemical action. 
150; in Platte Canyon, Colorado, 
156, on a titamc scale (Niagara 
Falls), 158, in Arizona desert, 162. 
by rain and wind m Sierras, 166 
Escape by climbing. IV, 149*153. 
Eskimos, rV, 88. 

Eskimo visitors in native dress, IV. 30 
Ethiopia, 11, 184 

Etienne, Charles, anatomical discov- 
eries of. IX, 159, 162 
Etna, m action, and iratcrs of I, 

ur» 


Etruscan and Hittite Sculptures. Ill, 
70 

Euclid, and development of system- 
atic geometry. VI. 47-50 

Eudoxus, remarked the obliquity of 
the ecliptic, VI. 77. 

Eumenes, king of Pergamus, VIII, 
165. 

Euryptends, 11, 41. 

Eustachius, Bartolommeo, anatomical 
discoveries of, IX, 161-2. 

Evaporation, Dalton's studies in, V, 
91 

Evolution, story of, II, 17-190; how 
It works, 33 : task worthy or its best. 
63, of birds, 64-65, in pncticai 
operation, 95-100; no lonMr m dis- 
pute, 100 . mammalian, 1V7 102-103 , 
doctrine of onginatcd by Darwin, V, 
140-153 . "as Nemesis,’^ X. 160-168. 

Exercise and health, X, 111-125. 

Expositors, two fanx>as (Pliny and 
Ptolemy), VIII, 137-149. 

Extioctinn. problem of animal, X, 
160-168 

FABRE, Hcnn, at ninety, X* 128. 

Facsimiles MS. of Plutarch's Utts, 
VI, 94 . of Cicero's Epiitlrs» 

95, MS. of Quintilian's Rhetoric, 

96, letter of Galileo, 103; letter of 

Michelangelo, 121 , letter of Machia* 
velli, 122 r letter of Ariosto, 123, 
letter of Montaigne, 124;. MS. of 
Edmund SpjcDser, 125 , MS. of Tasso, 
126, page of Duke of Bedford's 
Prayer Book, 127, page of notes by 
Leonardo da Vinci, 134; letter of 
Martin Luther, 135 , MS. of Edward 
Gibbon, 162 ; letter of Benjarain 
Franklin, 163; page of sixth-century 
MS of Genesis, VllI. 2 ; page of the 
Shah Nitwiti of Persia, 11 ; page of 
Battak book, 16 . page of PenianMS , 
22 ; MS. of Arabic Gioipels, 24 j MS. 
of Persian poem, Khawar i^atnah, 27 ; 
fourteenth-century MS. of Horace, 
157 , papyrus MS. from Herculaneum, 
158 . MS of Luke's Gospel in Greek 
doth century), 163: of short- 

hand Latin Lexicon, 168, MS of 
Aurelius Prudentms, 169; MS of 
Paul’s Epistles (11th century), 172, 
MS of Chrysostom (Greeic, lOth 
century). 175 , MS of Pope Gregory’s 
Moraha, 176; MS of the Pentateuch 
f7th century), 1-9: MS of oldest 
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Greek Bible. 180 . MS. of the Go*, 
pell (8tb century), I8l ; MS. of 
SpffK/Mm of St. Auratjoe (7th cea- 
t^). 182 , MS. Edict of Council of 
CorwUntinopIc (A.D. 888), 185; 
MS. Book oj Sdcramenls, 186; MS. 
Apoalypse in Litin (I3th century), 
187 . Etniopic MS of Piul‘* Epijtics 
(l4ui century), 188; MS. fint SU* 
Yonlc ^fpeli, 189. 

Fallopius, Gabriello, tnatorrucal dis* 
cotenes of, IX, 162. 

FiradtT, Michael, his electrical ex- 
perimenls, V, 60-65 yxJrtralt of, 63 ; 
nis laboratory, 64; Faraday and his 
wife, 68 

Path. Prof E. A , on auaspot period, 
I, 37, study of spiral nebule, 110 
Faun asenbed to Prasitcles, Vni, 91. 
Ferablm, VII, 188 . 

Ferns, earliest appearance of. 11, 68. 
Fire, earif use of, ff. 148; pntnirive 
man's achieTemeot in making, VL 
12 , 

Firearms, introduction ol, YII, 185‘ 
190. 

Fiihtf, the, professional killer, IV, 

129 

Fittiimmons, "Bob," m action. X. 
114 

Fuciu, Hippolytc, expenments on 
bght, V. 79 

Flea as plarue carrier, X, 169. 
Florence, IX, 60, 69, 70-84, 

Flower market at Athens, VIII, 80, 
FlyiM dfigTMi, II, 56 ; fiy/oe squirrel 
and flying fish, IV, 118 
Food. tynUirtic. fs It possible, X, 29* 
33; food-bun^, importance of, 11, 

Football, X. m 

"orba, James David, studies of heat 
^d light, V, 79 

wc^pump, pnnriple of discovered 
by Ctesibiui. VI, 85. 

Fott6cations of the Middle Ages, 
; forti6ed medieval 
Qitie, 176. Castle on the Bosporus, 
178 

Fosiil, unearthing 1 , II. 58. 

experiment* on light, 

^^j^^^bambered heart, and what came 
of il, II, 57*65. 

ship), rv. 24. 

V. 108. 

fwikun, Bcoiimm. plays with light* 
X. 13 


ning, VI, 2 ; his scientihe discoveries, 
Vll, 161. 

Franks. VII, 12. 110-122. 
Fraunhofer, Joseph (portrait). V, 
116 , Fraunhofer lines in spectrum, 
124. 

Frederick II, king of Sialy, III, 177 . 
emperor of Germany, IX, 58*59. 
Freeman, Prof. Edward Augustus, 

vni. 20. 

Fresnel, Augustin (portrait), V, 52. 
diBraction expenments. 55. honored 
in France and England, 55. 

Fulton's Ciermortt on the Hudson, 
VI. 177 

Funeral of a Roman emperor. VII, 86. 
Fur seals, migrations of. IV, 173 
Fust, Johann, IX, 24. 

GALAXY, nature of a, I, 1I4, 128, 
Hcrscheri study of, V, 17 
Galileo, obstinate (portrait), VI, 
100; and the new phpics, 101*120. 
portrait of. 104. astronomical work 
of. IX, 116*135. another portrait, 
121 . 

Galley, Roman, VII, 55 
GaWani. Luigi, V, 27 . portrait of. 39 
Gama. Vasco da (portrait), IV, 64 
Ganoids, II, 34 ' 

Gardner, J Starkie, VII, l65 
Gases, combination of by volumes, V, 
96. 

Gastropods, II, 17. 

Gauls, I, 17 

Gay-Lussac, Joseph Louis (portrait), 

V, 94 , ci^riments with 95, 

law' of combination of gases by vol- 
umes, 96 , discovered cyanogen, 105 
Gebcr, discovencs of acids, HI, 182 
Genes, or hereditary factors, H, 147 
Genoa, IX, 60 , , 

Grologic history, chronological 
mary of, II, 10 , geologic ag«. ^2*13* 
Geometiy, perfects by Greek 
mahcians. HI. 133 . of Thales. VTII. 

GeriiVrdt, Ch«rla Fredenc. V. 104. 

ci^tr. "Old Fiithful,' YelloMtont 
P«t. t, 164 , »Po“''"Svr’RA 
GhitUndilo. maril br, 

.b^dr of 

GfotW.' 6'^^- 74';h. .o«r .nd 
dunmo. 68 
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GUcitl action tbeory, I, 169, gUaal 
epoch, X, 1^2. 

Glacier, Muir, I, l68, forming future 
iceberg. 170 , Robertjon, I., 172 , 
effccta of on rocks. 174 ; boulders 
transported by, 176 
Gladiator. VIII, 127, "The Dying,* 

m 

Gladiatorial contest, VII, 67. 
Gladstone, Prof J H . V, 122 
Godfrey, Thomas, IV, 27 
Goethe, Johann Wolfgang von (por« 
trait), V, 45, his ^ork m science, 
129. 

Gold, factory-made. X, 51-54 
Goldsmith, Oliver, manusaipt by. 
IX, 178. 

Golf, as exercise, X, 123 
Gondwanaland. It. 9, 31. 

Goodricke, John, aiicovercd variabil- 
ity of Algol, I, 92. 

Gorilla and ape-man. II, 176 
Gothic cathedral, ^arly, IX, 68 
Government, achievement of early 
man. VI, 26 

Grand Canyon of the Colorado, I, 
148. 11. 107, 

Graphic arts, evolution of, VI, 30 
Gravitation, universal, Newton s dem. 
onstration of the law of. IX, 142- 
151 , inscrutable problem of, X, 15 
Gray, Asa, propagandist of evolution, 
V, 151 

Great Bear sur cluster. I, 121 
Greece in the Golden Age (pictured), 
VIII, 78 

Greek additions to alphabet, III, 123 , 
Greek letter of about 15 A D , 138. 
Greek anthology. HI. 163, VIII, 
31. Greek warfare, VII, 29'43, 
Greek chariot of ^'ar, 32 , Greek and 
Persian at ThermopyLse. 40 . Greek 
helmet, 56 , Greek temple, Rums of, 

VIII, 14. Greek youtn. 54, Greek 
w'omen Age of Pericles, 64 ; Alex- 
andrian period, 65 ; Greek social 
life in the Age of Pericles, 101 , 

Greek theater at Syracuse, ruins of, 

109 : Greek documents from Egypt, 
159’171; Greek temple, l60, Greek 
language, IX, 13. Greek temple at 
Girgenti, 64. 

Gregorian calendar, IX. 107 
Grote, George, on the Greek phalanx, 
VII. 37-38. 

Guelfs and Gliibelhnes, warfare of, 

IX, 60. 


Guericke and Huygens, VI, 144. 
Gunpowder, VII, 185. 

Gustavus Adolphus, VII, 190 
Gutenberg, Johannes, and his press. 
VI, 128, portrait of, 129 

HABITS, drug, and longevity, X, 
97-102 

Haden, Sir Seymour, X, 137. 
Hadley. John. IV. 27. 

Haeckel, Ernst Heinnch, propagandist 
of evolution, V, 151 
Hagiology, VIII, 10. 

Hale, Ur G. A., study of the sun. 
I, 11, invented spcctroheliograph, 
32 , study of solar cyclones, 34, 35. 
Halidon nattlc of, Vll, 162. 

Hall. Prof Asaph, using telescope, 
1, 15 

Halley, Edmund, I, 13 (portrait), 
VI 140 

Halley's comet, head of, I, 125 
Hals, Frans, portrait, by, IX, 133 
Hammurabi, rung. Ill, 71, code of 
on physicians, 89. 

Hand, evolution of the. II, 149-153. 
177. 

Haode), George Frederick, portrait of, 
IX. 156 

Hanging gardens of Babylon, VI, 43 
Hannibal, crossing the Alps, VII, 67; 
portrait of, 69. 

Harrison, John, IV, 32. 

Harvesting, by horse-power; by trac- 
tor-power, X, 28 

Harvey, william, discovered arcula- 
tion of the blood, IX, 166-181. 
Hawkwo^, Sir John, IX, 63. 

Heart, evolution of, II, 57-65. 

Heat, early nineteenth-century studies 
of, V, 65-84, law of mechanical 
equivalent of, 69 ; studies of, VI. 
145-151; discovery of lalenl, \ 66 \ 
one way, problem of, X, 45-48 : dig- 
ging for in <lepths of earth, 57-59. 
Healn-hen. recently extinct, X, 148. 
Hca^’en5, The New, I, 9-16 
Heavy transportation, then and now, 
VI, 32. 

Hebrew captivity in Egypt, III, 22. 
Hector ana Anoromache, VlII, 42 
Heliocentric doctnne, advocated by 
Aristarchus, VI, 68. 

Helium, as basts of all elements. I* 
44; value of. X, 18. 

Helmets, your choice of, VII, 153. * 
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Helmholtt, Herminn TL F. von. doc- 123, ^,152. 

trine of 5un'i hat, I. 51 ; portrait of. Holy Rormn E^ire. VII, 12. 

V, 74. hij tnatiK on consen-ation Homer, lU, 

7t 79 Homo Sipiens, If, 167, IW- 

_ot energy. 'v ... u~,v. of hrht. V. 


Henry the Fooler, VII. 133. 
Henry of Ni'irre. VI. 143 


Hoohe. Kcfem. Jtodies of light. V. 
30. study of force of (crancition. 


Hrmry HI meets DuU de Gu«. VII. V. l47. 149. 

HentV VII. Emperor. IX. 62. Hooverra (planetoid). I, 18. 

Henry VIII, King of EngUnd. VII, Horace, VllI 156 
16} 170. Horadi >Dd Cunitu, triple duel ol. 

Hens to suit lU uslw, IV, 176. ‘ i. u j vthi i'*n 

Henson, Mstthesv H.. IV. 7}, Hontius fcc^ the bridge, \ 111. l.O. 

Hereditr, the basis of tsolutionart Hormones, X, 174. 
descent, IV. 102 , bisic Uw of. 179- Horn. Dr. Guotiif. IV, p. 
ifiO Homblowtr. iHTtfitor of cosipojaQ 

Hcrjulfsoo, Bjarni, IV, }0-}2 engine, VI, 178 

Hero, bfaguin of Aiexindrii. VI. 8}* Hortox. Jertmiih, I, 50. 

92. Horse, crolution of, X, t6l*l65. 

Herodotus, on Greek army at Plataci, Horseless camigts of etehttenth and 

III, 14}, on the Scythians message runcteenth ceotunts. Vi, 170. 171. 
to Darius, VI, 31 . VUI, 17. }} , on Hospitals. Arab, III. 189. 

Egypt. 58- 59. 49 Hot springs. X. 57. 

Heroes of Kience, V, 7. Hosi*e, Elus, and Kis searing tnacnine, 

Henchel, Caroline, V, 14-1} Vl. 182. 

Hetschel, Sir John, study of Magel- Hobble. Dr., on distance of Cepbeid 
Iinic Qoud, I, 78. on atoms, V. vanables, 1, 112, 

118 Hudson, Henrr, m txiumph and in 

Hcfschel, Sir William, ^iral ncbul* despair, iV, 70, 71 
as '‘island univenes," I, 10, 15. Hudson’s ship at Near AEistwdim, 
94 , discovered Uranus, 99 . estimate IV, 26. 
of form of galactic system, 106 , Huggins. Sir William. I, 89. 
portrait of, V, li , ^lus for iidenal Hugo, Victor (portrait), V, 88. 
discovery, 14»I9 , ancovery of Uran Human intcllig^ct, highest product 


us, 15: found new universes. 17. 
as hobbynl, X, 137. Hungers, the tuo great, 11, 109*119. 

Hertisprung, Prof E , I, 64, 8^. Huns, in luly. VI. 97, m Rome. 
Hcruluos, IX, 49 VII. 104. 

Hesiod, III, 141 Kimtti, John, discovered chsmlcal 

Heiperomis, II, 74 process of digestioa, \\ 40. 

Ihero king of Syracuse. VI, 50-57. Hurdle race, X, 119. 

Hieroglyphics, Egyptian, III, 22, Vl, Hutton, Dr, James, stuiJitd rocks and 
37 . Maya (reproduction), VlH. 29. soils. I. 149 . his theory of the earth. 
Hinka. A. R., I, 21 151-155 173 

Hinrichi GusUv V, 120. Huxley, Thoituu Hecry (portrait), V, 

Hippxrchm. I, l6. 117 . VHI, 145 148, 150 

in**!??!*”’ Hnygctu, Chratuio (portrait). VI, 

'59. portrait of. VIII. 94. 95- 144. thennomrtric tots. 147. 

H hI,‘~ j 1, .. iirr. Hydrogen, discovered by Ctvendnh. 

hmomns Vin, 9-21. V. 30; » monovjleot. 110. energy 

.. - stored in itom o'. X. 17-25. 

V4I ^ Hydrostatic paradox, 115, 

Hnhr« age. the conception of Agxssix. 

nolarctica, II. 9 . in the Cambrun I. 16^171 . the mo£ recent, 11.124- 


of EtoIuuod. X. 185. 
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Icebergs, as earners of boulders, I, 
163 

Ichthyornis, II, 74. 

Ichthyosaur, II, 74 
Iliad, Homer’s, VIII, 10, in patimp* 
seat, 40 , scenes from Pans and 
Helen, 41 

Implements of peace and war, achieve- 
ment of early man, VI, I4 
Indians, arrowheads made by, VI, 11 : 
young Indian chief, 22, old, 25. 
Indians in full regalia, 28 , tn 
America. 29 

Inscribed lion from Nineveh, III, 169. 
Inscription, early Babylonuo, HI, 
106, of lOng Danus. 118, Penian, 
of Artaxenres, 122 . LaKonian (Greek) 
of fifth century B.C., 128 , Greek of 
third century B C , 130 , early, from 
Roman Forum, 136, Greek, on pot- 
tery fraraents, 140, Runic, 136. in 
Latin, orcek and Pheniaan, VIII, 
28. 

Insects, II, 41, 31, 83 . menace of, X, 
17M73. the social, 182 
Interferometer. I. 68. 
lostacy, theory of, I, 147. 

Irrigation, by one.ox power, by mil- 
lion*horse power, X, 56 
Irving, Washington, on Columbus, 
IV, 73 

Isis, god of Egypt, ni, 39. 

Ismail, king of Granada, VII, 189. 
isomensm, V, 114 
Isomorphism, V, 100. 

Israelites. Vil. 9. 

Italic philosophers, VIII, 59. 

Italy, in the Dark A«, IX, 47-55 : 
progress m fourteenth century, 62- 
67 , at close of medieval epoch, 69* 
79. sixteenth century in, 81-83, 

JAVELIN throwing, X, 113. 

Jeans, Sir James, I, 11, 47, on 
Opheid variables, 87. 

Jelly-fishes, II, 17, 

Jenner, Edward, discoverer of inocu- 
lation for small-pox, V, 42. 

Jensen, 2^charias, IX. 117. 

Johnson, Samuel, manuscript by, IX, 
173. 

Jones, “Bobby,” in action, X. 135. 
Jonson, Ben, manuscript of 1609 by, 
rX. 165 

Josephus, VII, 106 

Joule, James Prescott (portrait), V, 


66 ; experimented with transforma- 
tion of heat, 69 , 73, 84, 

Fimitcr, 1. 73 ; photographed at Lowell 
Observatory, 100, 139; moons of, 
discovered by Galileo, IX, I22i 




piter Olympus, sculptured head of, 

/in, 130 

Jurassic period, II, 43. 

Justin, VIII, 37. 

Justinian the Great, X, 139. 


KADMUS. ni. 99, 103. 

Kant, Immanuel, nebular hypothesis 
of, I. 10, facsimile MSS. of 1769 
by. tX. 180, 

Kapteyn, Jacob Gimelius, study of 
movements of stars, I, 11, 14, on 
center of universe, 115 ; discovery of 
two great star streams, 119. 

Keats, John (portrait), V, 87. 
Keeler, Prof James Edward, I, 133. 
Kekule, A.. V, 108. 

Kelvin, Lord (William Thomson), 
I, 51; on earth’s ag'e, 143; studi« 
in thermo-dynamics, V, 80; portrait 
of. 81 , perfected modem compiis, 

rv, 20 , , 

Kepler, Johann, I, 89 , measured angle 
ot refraction of light, VI, 14^ astro* 
nomical achievements of. IX, 106- 
116, his laws of planetary motion, 

IX, 113, portrait of, 120; inUma- 
tion of law of gravitation, 142-143. 

KiTKhhoff, Gustav (portrait), V, 117: 
perfected spectroscope, 122, 

Kitchen middenert, prehistoric, II, 
146. 

Knossos, excavations at. III, 101. 
Koran, the, in Arabic and Persian 
(page from), HI, 172. 

LABORATORY, a physico-chemic- 
al, V, 109 , laboratory workers, 125 , 
a modem laboratory, 144 , laboratory 
of expenmental therapeutics, VI, 190 
tw^} modern chemical laboratories, 

X, 11. 

Lake-dweller village, ruins of, 11, 151. 
Lakonian inscription of fifth century 
B.C . Ill, 128. 

Lamarck, Jean Baptiste de, work in 
botany and zoology, V, 133, on 
transmutation of spraes, 134-137, 
Lambert, Prof., 113. 

Lament, Johann von, diKOvered peri- 
odicity of earth magnetism, I, 29. 
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Ltodmg Negroes at Jamestown, I6l9, 
IV. 16 

Langlev, Prof. Samuel Picrpont, study 
of solar radiation, I, 11; invented 
bolometer. 52 , his flying nuchinc, 
52. 


Language, man's achievement of, VI, 


9'12. 

Laplace. Pierre Simon, nebular hy- 
pothesis of, I,’ 10 , solar lyitem the- 
ory, 135 , portrait of, V, 20 , detailed 
completion of nebular hypothesii, 
21-22. 54. 


LaSalle, in Louisiana, IV, 48; death 
of (picture), 73. 

Last stand of the Saxons. VII, 87. 
Latent heat, discovery of, VI, 166 
Latin senpt, development of, IX, 17- 


21 . 


Laurent, Augustus. V, 105, 106 
Law of mechanical equivalent of heat, 
V. 69. 


Lavoisier. Antoine Laurent (portrait), 
V, 2; ocperimenti with oxygen. 33, 
new chemistry of, 34 . burned m 
effigy at Berlin, 35 

Leavitt, Mas Henrietta, study of 
Cepheld vanablei, I, 78; portrait, 
84 

Leeuwenhoek, Antooius von, discov- 
iiftd microbe, IX, 181, 

Legion, Roman, how composed, VII, 
6 ^ 70 , 

Lemuiia, II, 31, 105. 

Lenglen, Mile., in action, X, 134. 
Leonardo da Vinci, experimented with 
steam, VI, 152. as painter. IX, 76, 
82; "Last Supper” oy, 83; "Mona 
Liu," 94. 

Lever. Archimedes' study of. VI, 60. 
Lewes, Gco^e Hen^, VIII, 62. 
Lewis. Sir C^orge Comcwall, VIII, 


Lex Stlici (facsimile of MS.), VI, 38. 

Libraries, Alexandrian, VIII, l6l- 
164, private at Herculaneum, 173; 
Roman, 174-178, book-making m 
ancient Rome. 173-191. Assyrian 
Ubrarici, IX. 25. 

Lick Observatory, I, 15. 

L^cbig, Justus, work in organic chem- 
irtry, V, lo4. 

Life problem, man can change con- 
ditions of, X, 182. 

L^t, from nearest star, I, 97 , un- 
dulatory theory of, V. 49 , linked 
with electricity by Faraday. 62 , 


studies in refraction of, VI, 145- 
147 ; composition of discovered by 
Newton, IX, 139*141, problem of 
cold ligot, X. 46. 

Light, heat and atmospheric pressure, 
studies in, VI, 145-151. 

Lindbergh, Col. Charles A , portrait, 
with his w'lfe, X, 83 ; belorc his 
Atlantic flight, 109 
Lippershry, J^^n, inventor of the tele- 
seppe, VI. 120, IX, 117-118. 

Lippi, Filippino, a painting by, IX, 
80. 

Lister, Lord (portrait), V, 160 
Lisxt, Franx, portrait of, IX, 185 
Literature of history, VIII, 23-37 
Little Dipper, I, 90. 

Livy. VIII. 36. 43. 

Locke, John, facsimile of MS. by, DC, 
148. 

Loclgcr. Sir Joseph Norman, studies 
to Egyptian astronomy, III, 33 
Lodestone, Gilbert's experiments with, 
VI. 133 

Log, nautical, introduction of, IV, 21 
London, 1820 — New* York 'Today, VI, 
172 

Longbow of England, the, VII, 151, 
159*163. triumphs at Crecy, 158. 
Longevi^, pictured examples of hu- 

Wadsworth (por- 

Ixmis of Bavana, IX, 62 
Lowtll, Percival. I, 97 
Lublwk, Sir John, V, 151 
Lundmark. Dr. I, 110 
Lungfish, II, 34, lungfish, pipefish 
and seahorse, TV, 108 
Lure of the unknown, IV, 47-90 
Lyell, Sir Charles, I, 159, theory of 
earth’s surface changes, 160, study 
of icebergs, 165 , V, 147, 149 

MACAULAY, Thomas Babington 
(portrait), V, 123, VIII, 18. 
Macedonia, VII, 11 
MAcenai, VIII, 156. 

Maestlin, IX, 96 
Magellan, Ferdinand, IV, 71 
Magcliamc Cloud, I, 78-80, 86 
Magic, Chaldean, III. 83-89 
Magna Carta, articles of (page). 111. 
164 

Magnetic pole, I, 29. magnette nee- 
dle, dip of. explained by Gilbert. 
VI. 137 


man. X, 89. 91 
Longfellow, Henry 
trait), V. 155 
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Magnetism. William Gilbert s studies 
m, VI, 131-138. 

Magnetometer, Gilbert's, VI, 138 
Magyars, VII, 152-135. 

Malpighi, Marcello. IX, 181 
Malthui. Thomas Robert, influence on 
Darwin, V, 145 

Mammals, primordial, 11, 55. the 
Age of, 91-137 , living species of, X. 
149, fecundity of primitive types of, 
178. 

Mammoth, II. 122 , true elephant, 
137 , pictured with caribou, 145 
Manetho, VIII, 159 
Manhattan Island at a bargain, IV. 
74. 

Man. the Age of, II, 167-190, Stone 
Age of. III, 8*19, his early achieve- 
ments, VI, 9-39. not by nature a 
predacious animal. VII, 7 . his record 
as predator. 7-15, probable persis- 
tence of. A, 150, makes own en- 
vironment. 184 

Manuscripts, normal life of, IX, 24, 
illuminited, 37-44 , of Venerable 
Bede, 19 . Anglo-Saxon Chronicle, 
20, Cxdmon, 22, 27 . Dante, 26. 
Piert Ptowman, 32 , Beovmlf, 34 . 
poem by Occleve, 46 , Wyclif’i Bible, 
84 , Sir Francis Bacon, 124 , Cor- 
neille, 125, Lope de Vega. 126, 
Moliirc, 127, Milton, 144. Locke, 
148, Newton, 149, Jonson, 165, 
Leibnitz, 168, Addison, 169, Swift, 
171, Pope. 172. Johnson, 173, 
Richardson, 174, Voltaire, 177, 
Goldsmith, 178, Bums, 179, Kant, 
180. 

Map of world according to Eratos- 
thenes, IV, 8, in Magellan's day, 
rV. 56-57. 

Marble, how formed, I, 153. 

Marcus Aurelius, and the Thunder- 
ing Legion, III 147-151 , records on 
column of. VII, 106. 

Marcan Abbey, grant to, VII, 140. 
Manus, Caius, Vll, 73. 

Mars, LowclTs theory concerning, I, 
97 ; two telescopic views of, 98. 
Marsupuls, II, 129. 

Marten, tlic, professional killer, IV, 
129. 

Maskclyne, Nevil, weighed the earth. 
I. 141. 

Mastodon. Amencan, 11. 108; shovel- 
tooth and Sibenan. 120, how differs 


from elephant, 135, disappearance 
of, X. 154. 

Mathematics, Egyptian, III, 57-6i. 
Mat weaving, primitive, II, 163 
Mausoleum of Artemisia, VI, 49. 
Maxwell, James Clerk (portrait), V, 
82 

Maya sundial, I, 46. Maya of Yuca- 
tan, pictographs of. III, 105. 
Mayer, Dr Julius Robert, stated law 
of conservation of energy, V, 70. 
portrait of, 71 , his meteoric hy^th- 
csis, 73v 75. 84 

Mearns, Dr. Edward A , IV, I82 
Mechanical equivalent of heat, Uu 
of, V. 69 . mechanical aspects of to- 
day, X, 2. 

Mechanics, the foundation of, VI. 
41-66 

Mechanisms of defense, IV, 137-148. 
Medea, the flight of, VIII. 46 
Media, Florentine Age of the, IX, 
74-82 

Medicine, Egyptun, III, 53-57 , Baby- 
lonian, 89-91 . Arab in the Middle 
Ages, 182-192, "From Paracelsus to 
Harvey." IX, 153-182 . ^ 

Medieval guard ("Watchful Wait- 
ing"), VII, 108, medieval helmet, 
122 j medieval battle scenes, 142 , 
medieval archbishop arranging peace, 
147 , medieval statues of men in 
armor, 164 
Memory, II, 181 

Mena, Egypt's first historical king, 
III, 25 

Mendel^ Johann Gregor, discovered 
biological theory of heredity, II, 96 , 
portrait of. V. 128; late recognition 
of his work, 164. 

Mcndelcef. Dmitri, V, 120. 
Mendelssonn-Bartholdi, Felix, por- 
trait of, IX, 160. 

Menhirs in Brittany, alinement of, IT, 
131. 

Mercator, IV, 41, Mercator's projec- 
tion, 43. 

Mesopotamia, VII. 9. 

Mesopotamian civilization, III, 67-97 
Mesozoic era, II, 10, 45, 47-77. 
Metdmorpboses of Plants, Goethe's, 
V. 129. 

Meteorite, a huge. I, 132 
Meteorology, Dalton s discovenes in, 

V, 91 

Meteoric hypothesis, expounded by 
Mayer, V. 73. 
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Methods of the hutqruns, VIII, 38- 
47 

Mcxictn War, iccac m the, VII, 184. 
Meyer, Lothar, V, 120. 

Micheianficlo, IX, 76. 82 . "Last 
Judgmcat" by, 86; "Three Fate*/’ 
95. "Creation ot Adam," 100. 
"Cumran Sibyl,’ 103 ’David," 
104; "Moses, ' 103. 

MicheUon, Prof Albert A , measured 
star diameters, I, 11 , invented inter- 
ferometer, 68, 103 

Microbes, discovery of by Leeuweo 
hoek, iX, 181, the menace of, X, 
169-174. 

Micrometer, V, 30 
Microscope, modern, VI, 189 
Midnight sun photographed by Dr. 
Cook. IV, 36. 

Migrations of mammals, IV. 168-178 
Milan, IX, 63, 69, 70, Cathedral of, 
78 

Military fortihcation* of the Middle 
Ages, Vn. 177-182. 

Milky Way, I, 54. 114, U5, 119» 129- 
131; Henchel’* study ot, V, 17. 
Galileo's discovery of nature of, 
IX. 118 

Millikan, Prof R A . I. 45. 

Milne, Professor, I, 49 
Milton, John, facsimile of MS. of. 
IX, 144, "Dictating Psradtsf Lost,*' 
145. 

Mind, II, 181. 

Mining, in warfare, Greek, VII, 49 
Mink, vieu of, X, 166 
Minos, excavation of palace of. Ill, 
84 

Miocene epoch, II, 89. 

Mitscherlich, Eilhard, tV, 100 
Moabite Stone — earliest Phenician 
characters. III, 120, VIII, 170. 
Mohr, Karl Fricdnch, expenroent* 
with heat, V, 70 

Molecular theory, championed by 
Hero of Alexandria, VI, 85 
Molecule, discovered by Avogadro, V, 
97. a unitary structure, 106-111, 
architecture ot. 112-115. 

Monkeys, II, 153 

Monreilc, Cathedral of, IX, 64, 
cloister in. 65. 

Moody, Helen Wills, In action, X, 

153, 

Moon, seen through big reflector. I, 
28; measured bv Aristarchus, VI, 


70 , observed telescopically by Gali- 
leo, IX, 118 

Moorish arches m the Alhambra, III, 
174 

Moose, X, 139. 

Morgan, j. Picrpont, X, 137. 

Mone, Samuel F B (portrait), VI, 
183, Morse telegraph, 184, X, 138 
Morton, William T B (portrait), V, 
139 . 

Moaasaurs. II, 74 
Moslems, VII, 12 

Moth, protective coloring of, IV, 
104. 

Motion, laws of, studied by Galileo. 
VI, 109-111. 

Moulton, Prof. T R., I, 135. 

Mount Holyoke, Mass , "trap" for- 
mation of, I, 159. 

Mount Wilson (Observatory, I, 22 
Mountains, formation of, 1, 147 
Moiart, W. A , "Sings His Requi 
cm," IX, 157 , portrait of, 138 
Muir GUctct, I, 168 
Murillo, "Infant St John," IX, 131 
Musk-ox, X, 138 
Mutation, II. 98. 

Mysteries, some every-day, X, 13*16. 


NANSEN, Fndtjof, IV, 75. 

Naples, IX. 69. 70 
Napoleon Bonaparte, VII, 13. 
Narses, X. 141-143 
NatioruUty, first germs of in tribal 
unity, VI, 20 , 

Natural selection. 11, 142 . discovered 
by ^min ana Wallace indepen- 
dently, V, 147. 

NauUcal mile, IV. 23, first Nattncal 
Almandc, 41. • 

Neanderthal man, II, 138, 143, 188. 
Nebula, Great, in Orion, I, 12, gal- 
actic nebulae, 107, spiral, 10, 108, 
112, 137, ‘'Ucc," 75; Gr«t, in 
Anaromeda, 105, 107, 112; Tnfid, 
107 , Network, 107 , "Ring m Lyra. 
109, "Owl." 113, spiral. 113; »y*' 
tern of worlds in the matang, 157 , 
Herschel s discoveries of ncbulr, 
V 17 

Ncfcular hypothesis, V. 19, 21 . com- 
pleted in detail by Laplace, 22 
Neptune, I, 139 . 

Neptunists versus PlutonIsts (in geol- 
ogy), I, 157. 

Nesicomb, Simon, I. 24. 
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Newcomen, Thomis, and atmospheric 
engine, VI, 158 

Newlands, John A, R discovered 
"law of octaves" of elements, V. 
120 

Newton, Sir Isaac, on how he came to 
make his discoveries. III, 155, dis- 
covers spectrum, IX, 136, "The Age 
of," 137-151, facsimile of MSS by, 
149. 

New York Today — London, 1820. 
VI, 172 , night view m New York. 
X. 147. 

Niagara Falls, example of erosion on 
a titanic scale, 1, 158 
Nicholson. Prof , discovery of sun- 
spot cycle, I. 35. 

Nikolaus of Cusa, IX, 88. 

Nile, modern inundation of. III, 18. 
Nineveh. Ill, 65 , VII. 10 
Nippur, ni, 69 , VII, 10 
Norgt (Amundsen's airship). IV. 24. 
Norman, Robert. IV, 19 
Norman, William, first noticed dip- 
ping of magnetic needle, VI, 137. 
North-Pole airplane, IV, 22. 

Nove (new stars), L 89. 

Numerals, Greek, VI, 65. 

Nutmegs and cinnamon, V. 171 , nuf 
meg trees, Singapore, 178. 

OBELISK of King Shalmaneser, III, 

68 . 

Oceans, and mountains, I, 142, 
Octaves, the law of, in elements, V, 
120 . 

Oersted, Hans Chnstisn (portrait). V, 
58 , discovered effect of electricity on 
magnetic needle, 59. 

Okapi, IV, 91. 

Oken, Lorenz, V, 129: theory of 
spontaneous generation and evolution 
of speaes, 137. 

Olbers, I. 18. 

Olenellus, II, 23-24. 

Oligocene epoch, II, 89. 

Olympic contests, VlII, 56. 

One-way heat problem, ^ 45-48. 
Operas, scenes from: "Faust," IX, 
183, "Madam Butterfly/' 183: 
"Merry Wives," 185; '‘Othello,’' 
183; ''Salome." 186; Lohengrin," 
189. 

Opium poppy in Turkey, X, 100. 
Opossum, view of, X. 176 
Ordovician period, II, 11, 29. 


Origin of species, by evolution, n, 
100 , Darwm's book on, V, 149. 
Ongin of the world, I. 133-139. 
Orion, I, 115. 

Osmium, I, 73. 

Ostracoderm, II, 27-29. 

Ostrakon, VIII, 191. 

Ostrogoths invade Rome. Vll, 86 , in 
western Europe, IX, 49. 

Otto the Great, VII, 134. 
Overpopulation, the historic curse, 

VII, 14. 

Oxygen, discovered by Priestley and 
&netle, V, 33 , a divalent, 110, 

PAHLAVI - PERSIAN manuscript, 

VIII, 33. 

Paleozoic era, II, 10-11. 

Pall manuscript, Vllt, 28. 
Palimpsest, IX, 14. 

Palisades of the Hudson, "trap" for- 
mation of, I. 159. 

Pan and Apollo, statues of. VIII, 84. 
Papin, Denis, first transmitted power 
by piston, VI, 157. 

Papyri, EOTOan, VIII, 25 : Alexsn 
drian, 164-167. 

Paracelsus, IX, 153-159. 

Paradoxides, II, 24. 

Parchment, invented by King Eumenes 
of Pergamus, VIII, 163. 

Parmenides, \^II, 62. 

Parthenon. VIII, 82. 

Passenger boats, primitive and less 
prlmiuve, II, 186. 

Passenger pi^n, extinct, X. 170; 
problem of its disappearance, 171. 
Pasteur, Louis (portrait), V, 113: 
chemical discoveries of, 114. 
Patagonia, Darwin's observation of 
Its rising, I, 161. 

Patagonian, g living, and a CrO- 
Magnon man, II, 179. 

Pausanius, VlII, 36. 

Peary, Admiral Robert E., in polar 
outfit, rv, 30, reached North Pole, 
73 ; portrait of. 80. 

Pease, Dr. Francis G., measuring a 
star, I, 2, 103 

Peloponnesian War, VII. 33 
Pendulum, motion of studied by Gali- 
leo, VI, no. 

Penn, William, makes a treaty, IV, 
38. . , . 

Penny-in-the-slot machine, anticipated 
by Hero of Alexandria, VI, 91- 
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Pens, of the Romsn scribes, 

Vni, 185; quill, 185 
Pepin, King of lUly, IX, 49 
Pepper, picking, V, 172. 

Pcnodic law ot Mendclecf, V, 120. 
Period luminosity Uw, I, 87 
Ptrraiin period, II, ll, 

Perraudin, his intimation of glacial 
theory, I, 167 
Perry at Lake Eric, VII, l6 
Perry, Fred J (portrait), X, 136 
PersepoUs, luins at. \U, \24 
Perseus, star cluster in, I. 121 
Penian and Babylonian cylinders, IH. 
80 . contribution of Penians to the 
alphabet, 119, inscription of Artax* 
erxes, 122. Persian wars, VH, 34, 
territory ot, VII, 9 
Petitions m Greek, on papyrus. III, 
134 

Petrarch, IX, 66, 74 
Phalanx, Greek, VII, 37*41. 

Pharos of Alexandria, VI, 44. 
Phenicians, and art of writing. III, 
99. alphabet, 103. earliest written 
characters, 120, territory and coloni* 
lation. VII, 9 . civiliaation of, 57*63. 
Philip, King of Maccdon, VII , 1 1 , 29, 
36, 57, 59. 

Philip Augustus, King, VII, 182. 
Phlogiston, V, 28. 

Phonetic equivalents in Egyptian sym- 
bols, HI, 109, phonetic syllabary of 
Aisynans, 113 

Phosphorus, inimal-hfc need of, X, 
174. 

Photography, value of to astronomer, 
I, ll-M, perfected by Daguerre, V, 
124. 

Photogcaph*transmission by wire, X, 
68, 70 

Phyjico*chemical laboratory. V, 109 
Physics, a century s progress in, V, 
47-85. 

Piazzia, saw first planetoid, 1, 17. 
Picard, James, VI, 173* 

Pickenng, Prof E. C., spectroscopic 
studies of, I. 11. 93 
Picture writing, Cjiinesc and Mexican, 
III, 102; oT Aztecs and Mayaris. 
105. development of, VI, 36. 
Pilgnms, at Plymouth, IV, 46 , bind- 
ing, 48. 

Pindar at Olympia, VIII, 66. 

Pisa, IX. 60 

Piston, first use of in steam engine, 
VI, 147 


Pithecanthropus, II, 138, 178, 181*.. 
Plague carriers, X, 169. 

Planck, Prof. Max, bis "quantum 
theory," I, 40. 

Planetary motion, Kepler’s laws of, 
IX, 106, tI3 

Pianetesimal theory, I, 141. 144 
Planetoids, I, 17. 

Plants, II, 34, flowering, 82, of 
left wry period, 104, metamorphoses 
nl, V, 119; m the struct ot man, 
163* W , agricultural, of Asiatic 
origin, VI. 26 ; menaced by microbes 
and insects, X, 171*173. 

Plaskett. Prof. J. S , discovered heavi- 
est star, I, 124 

Plato, III, 135. VIII, 104-107. 
Pleiades, the, 1, 121. 

Pliny, VIII, 137-142 , IX, 43. 
Pliocene epoch, 11, 89. 

Plowing, old and new, II, 174 ; with 
camels, and with tractors, X, 20, 
with oxen, with aioline traction, 34. 
Plummer, H C , discovered star 
streams, I, 119. 

Plutarch, on mechanisms of Archi- 
medes, VI, 54*60, VIII, 36 
Pluto, discovery of, I, 95*5^ 
Plutonists venus Neptunists (in ge- 
ology), I, 157. 

Pneumatic organ, principle of dis- 
covered by Qesibius, VI, 85. 
Pocahontas episode, ^c, IV, 72. 
Poitiers, battle of. Vn, 162. 

Polar exploration and discovery, IV, 
75*90 

Pole vault, X. 118. 

Pollio, Asinius, VII, 177. 

Polo, X. 125. 

Polo. Marco, IV, 47. 

Polybius. VIII, 36 

Pompeii, excavation of, III, 153, 
ruins of bakery at. VI, 82 , view ot 
street, and puppet show in, VIII, 

134 

Ponce de Lion m Flonda, IV. 66. 
Pope, Alexander, manusenpt by, IX, 
172. 

Porcupine and skunk, well defended, 
rV, 100 , porcupine s defense mech- 
anism, IV, 141-143 , picture of por- 
cupine, X, 176. 

Posidonius, VIII, 122, 130 
Potassium, discovered by Davy, V, 
101 

Potter. Humphrey, VI. i6o. 
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Pottery, early use of, VI, 13, pnmi* 
tivc, 16 

Prayer niche m Moorish temple at 


Pythagorus and the round t^orld, 
Vin, 37-69. 


’rayer niche m Moorish temple at 

C6rdoba. Ill, 188 , prayer-DOoki, QUADRANT, IV. 27. 
manuscripts of, IX, 2, 36, 39, 41, Quantum theory of Planck, I, 40. 
42, Qruternary period, II, 89. 159*19 


Prehistoric science, III, 7-19. 

Pnestley, Joseph, discoverer of oxy- 
gen. V, 30-33 . portrait of, 32 . other 
discoveries of, 33-37 , as hobbyist. 
X, 137. 

Primates, nse of the, 11, 139-137 
Pnmitive American, VI, 23 , primitive 
music, India and Chiru, VI, 35. 
Printing press, first Italian, IX, 76, 
rotogravure press, X, 104, 105, 106 
Print shop of Johannes Stradanus, 
VI. 130, 

Prism, Newton's experiments with, 
IX, 141 

Prisse papyrus, Egyptian. Ill, 104. 
Proboscis, significance of, II, 134. 
Pro-Echidni, IV, 125 
Projectiles, observations on by Gali- 
leo, VI, 103. 

Protective coloration, in aniraaU, IV, 
139. 

Protein, X, 31 

Proteroceratopi ^Andrews), H, 62 
Proterozoic era, II, 10 
Protons, I, 39, X, 22. 

Protozoans, II, 76 
Proust, Louis Joseph. V, 93- 
Prout, Dr. William, V, 118, Proutian 
hypothesis, V, 122 
.Pfoxima. I, 97. 

Ptcranodon, II, 56. 

Pterosaur, ll, 53 

Ptolemaic theory, VIII^ 146, IX, 88 
Ptolemy I (Sotcr), king of Egypt, 
Alexandrun saeotific activity under, 
VI. 41-50. 

Ptolemy gateway at Karnak, III, 42 , 
Ptolemy offering to Isis and Homs, 
52. 

Ptolemy (Claudius Ptolemaus), I, 16, 
Vni, 142-149. 

Pulleys, Archimedes’s study of, VI, 
60. 

Pulsing stars, I, 81. 

Pushkin. Alexander (portrait), V, 72. 
Pyramids, Egyptian, lllj 29-33; pyra- 
mid of Gtzen, 28. building a pyra- 
mid, 30. 

Pyrenees, elevation of in Oligoccnc 
period, II. 105. 

Pyrometer, V, 23 


RABBITS, high biotic potential of, 
X, 184. 

Races, geographical distinction of, 
rV, 186 , must all races dic^ X, 149- 
137. 

Radiation energy, I, 40 
Radio broadcasting, earliest and 
latest, X, 63 
Radiometer, I, 55 

Railway trams, first continental and 
fifty years later, X, 41, streamline, 
42, 43 

Rainier, Mount, I, 168. 

Ramsay, Sir Andrew C , on action of 
glaaal sheet, I, 173 
Ramses II, statue of. III, 2, 22, tem- 
ple of, at Luxor, 40, Vll, 27. 
Raphael, JX, 76. 82. '’Four Sibyls" 
by, 44, "Transfiguration," 110. 
Rtwlinson, Canon GeorK, estimate of 
Babylonian influence, III, 94. ^ 

Reaping, old and new ways of, X, 
26 , improved reaper and first self- 
binder, X, 27 

Red peppers in Japan, V, 176. 

Reflex action, a, 14 
Refraction of light, expenments in, 
VI, 145-147. 

Reginald of Boulogne, VII, 151. 
Reinhold, Erasmus, IX, 96. 
Rembrandt, "BurMmaiters" and 
"Anatomy Lesson'*^ by, IX, 152. 
Renaissance in Italy, IX, 69*84, 
Rcni, Guido, "St Michael" by, IX, 
119. 

Reptiles, dawn of the A« of, 11, 47- 
55 , of Jurassic period, 48 
Respiration, problems of solved, V, 
40-42. 

Reversed polarity, law of, in sun- 
spot cycles, I, 35. 

Rhaedcus, IX, 96 
Rhinoceros, the woolly, IJ, 106. 
Richard I and Saladin. HI, 168; 
Cctur-dc-Lion on horseback, VII, 
136. 146, 159. 182 
Richardson, Samuel, manuscript by. 

IX. 174. 

Rienzi, IX, 62. 

Rigel, bnlfiancy of. I. 123. 
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Robertson Glicjcr, Alaska* 172 
Robinson, Dr ^ohn, on Gilbert’s 
work m magnetism, VI, 152 
Rocks, formation of, I, 151 j strati 
fied, 153, ’’igneous ’ or ‘’primary,* 
159 


Rocky Mountain revolution. II. 79-87 
Roman arch (Arco Felice) near Na- 
ples, ni, I48, galleys, VI, 55. 
corns, 66 , Forum, in ruins and re- 
stored, 74 . warfare. VII, 65-77 . sea 
fight, 78. standards, 82. tnur^h. 
96 , chariot of war, 113 , Roman Em- 
pire, glimpses of early, VII, 79-95. 
under the later emperors. 97-106, 
Roman temple, ruins of, VIII^ 15. 
Theater at Pompeii, 109 , traditions 
(pictured), 120, interior (peristyle 
of women’s apartment), 123. orna- 
ments, 124. costumes, 125. 132 , im- 
plements from Pompcii, 128, home 
life — 1 Roman bride, 133. Roman 
festival, 138 ..banquet, 140. matron 
and child, 1-W . aqueduct, M 
Rome, VII, 11 , Temple of Juno and 
thanot race, VIII, 155. street scene 
in, 153, apandoned by the popes, 
IX. 62. 


Ross, Sir James, IV, 19 . first observed 
vertical dip of magnetic needle. VI, 
137, 


Rosetta stone, III, 23 , in Bntish Mu- 
seum, 98, inscriptions on, 100, 

VIII. 159, 

Rotogravure printing, four view's of, 
X, 104, 105, 106 
Rouge, Count dc, VII, 59. 

Rubens, ’’Descent from the Cross by, 

IX. in. 

Rubinstein, Anton, portrait of, IX, 


190 

Rumford. Count (Betijaratn Thomp- 
«>n)i (portrait), V. 25 , championed 
vibratory theory of neat, 26, 101 

Russell, Prof Henry Norns, I, 64, 
work on age of stars, 65. 

Ruth, ’’Babe/’ in action, ^ 127 

Rutherford, Daniel, discovered nitro- 
gen, V, 35 

Rutherford. Lord, conception of the 
atom, I, 39 


SABER-TOOTH cat. II, 102, 103. 
117. 

Sagas, Norse, fV, 49-55 
Sailboats, primitive of Ceylon. IT, 
1K2 modern. 183 


St Bartholomew’s Night, VX, 142. 
Saint-Hiliire, Etienne Geoffrey, stud 
ICS in transmutation of ipeaes, V, 

139 

St. Peter’s, Rome, intenor of, IX, 
140. 

Saladin, tomb of at Damascus. VII. 

123 

Sallust, VIII, 37 

Salmoneous, King of Elis, Vn, 185. 
Sand dunes in Algeria, made by v.ind, 
I, 162 

Sanra Aiaru. the, of Columbus. IV, 
44 

Sarcophagus. Greek, III, 142. 
Sargon, king of Agade, III, 69, 79 
Sarto, Andrea del, ’’Madonna and 
Child * by, IX. 114 
Saturn. tv.o views of, I, 122, 139. 
Sauropod. II, 68 

Savery, Thomas, first patent for a 
steam engine, VI, 155 
Savonarola . portrait by Bartolommeo, 
IX. 92 

Saxons, last stand of, VII, 87, in 
council, 90 , in flight, 91 (pictures) , 
landing of, 1 30. 

Siyce, rrot Archibald Henry, on 
Chaldean magic. III, 83-85 . on 
drawings of cave-men, VI, 54. 
Scaling ladders, VII, 45. 

Schecle, Karl Wilhelm, discovered 
oxygen. V, 33 

Si-hillcr, Johann Chnstooh Fried- 
rich von (portrait), V, 44 
Schlicmann, Heinrich, X. 139. 
Sch^abe, Samuel Hcmnch, study of 
sun spots, I, 27 

Science, prehistonc. III, 7-19. Egyp- 
tian, 21-61 , Babylonian ana A^y- 
nan, 63-97 , classical (Greek and 
Roman), 127-153. m the Dark 
Age, 155-170, medieval Arab, 171- 
192 , at the begtnnmg of the nine- 
teenth century, V, 12-43 
Sapio, conqueror of Hannibal, VII, 
43 

Scott (General) at Contreras, VII, 
16 

Scott. Captain Robert Falcon, * Far 
thest South” of his ship Terrrf Nora. 
IV, 18 . his second expedition, 89 
Scott, Sir Walter (portrait), V, 126 
Scfope, G Poulett. work on volca- 
noes, I, 156, I6O. 

Sculptors, Etruscan and Hiltite, III, 
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70. Roman. VIII, 126. 127, 132, 
150. 151. 

Scythians, message to Darius, VI, 
31-33. 

Sea anemones and corals, II. 14. 22 
Seidel, Udy. III. 189. 

Seneca’s Tra^dies. fourteenth-cen- 
tury manuscript of, VI, 93. 
Sennachenb, III, 71 
Sequoia, first appearance of, II, 82 
Servetus, Michael, anatomical dis- 
co\cnes of, IX, 163. 

Set, demon of darkness. III, 45. 
Seven wonders of the ancient world, 
VI. 43. 44, 45. 48, 49, 51. 6l 
Seville, Cathedral of Tower of Gold, 
IX, 65. 

Sex hunger, importance of, II, 109, 
sex glands, importance of in scheme 
of nature, X, 66. 

Sextant, IV, 22, 24 
Sbackleton, Sir Ernest. IV, 85 
Shakespeare, William, IX, 31. his 
signature on a legal document. 164 
Shapley, Dr Harlow, spectroscopic 
studies of stars, I, ll, 85, 87 , on 
distances of nebulse, 112, on center 
of universe, 115, interpretation of 
cosmic scheme. 128, 130 
Sheep that arc different, IV, 170-1 
Sherman before Charleston, VIF, 17 
Ship of the desert (cameU, III, 
Shorthand. Roman, VIII, 178, 
Sidon, Vll, 62, 

Siege guns at Charleston. VII, 17, 
siege methods, ancient and modem, 
44; sieces and siege devices, 45-49 
Sierra Nevada revolution, the, II, 
67-72. 

Silurian period, II, 11. 

Siphon, principle of discovered by 
Ctcsibius, VI, 85. 

Sirius, I. 69, 71. 86 
Skating. X, 120 

Skunk, as illustration of mechanisms 
of defense, FV, 137-139. 

Skyscraper, in Cappadocia, a, II, 158 . 
in New York (Empire State Build- 
ing), 191. 

Slave, sale of a, on papyrus, III, 
132 

Slipber, Dr. V. M , 1, 99, 110, 
Sloths, extinct and roi^ern, II, 94. 
sloth and mountain goat, IV, 124 
Smart, Prof. W. M , I, i4. classifi 
cation of stars, 59 


Smell, development of the sense in 
land animals, IV. 175. 

Smith, William, studies m pileontoj- 
ogVj I, 15^5 , father of stratigraphic 

S^ips o? Captain Smith destroyed by 
Spaniards, IV, 14. 

Snell. Willebrord, VI, 146. 

Socrates, VIII, 104 ; portrait of, 105. 

Sodium, discovered by Davy, V, 101. 

Soil, basic life-substance in, X, 173, 
chemical constitution of, 175. 

Solar yardstick, perfecting the, I. 17* 
25 . solar parallax, 23 , solar cy- 
clones, 34 

Soldiers’ uniforms, 1776 and 1918, 
Vn. 186. 187 ^ 

Somerset, Edward (Marauis of Wor- 
cester), experiments with steam. VI, 
153. 

Sophists, III. 139. 

Sothis, the dog-star, III, 37. 

Space distnbution, the factor of, I, 
129 

Spallanzani, Abbi, V, 40. 

Spanish Armada. VI, 139. 

Spartans, VI. 34 

Species, ongin of by evolution, H* 

100 . . . 

Spectroheliograph, I, 31 . invented by 
G. A Hale, 32; records of, 37. 

Spectroscope, records movements of 
sues. I, 14 , importance of In astro* 
noroictl equipment, 103 ; in chem- 
ical analysis, V, 122. 

Spectrum, discovered by Newton, IX, 
141 

Speed-boat, X, 55. . ^ - 

Spencer, Herbert, definition of sci- 
ence, UI, 7, intimations of evolu- 
tion, V, 151. 

Sphinx and pyramid. III, 30. 

Sponge, 11. 17. 

Sports, competitive, value of, X, 112. 

Spring festival at Athens, VlII, 112. 

Sur cluster In Hercules, I, 82 ; m 
Taurus, 120; star charts, 179-189. 

Stars, new light on the, I, 52-77; 
chemistry of, 56; helium stars, 56, 
121 , hydrog^ stars, 56; binary sys- 
tems of, 57 ; bulk of, 57 ; color of, 
57 , spertri of, 58, Draper classifica- 
tion of, 59 ; "Orion lUn," 59 , 
pertturcs of, 61 ; speeds of, 62 ; age 
of, 65 , stars that are different, 78- 
99; star numbers and distances, 101- 
112 , variable, 78 95 . dark stars, 9' , 
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charts of the, 179’189. table of 
bnghtest. 182-3, Herschel fountl 
them to bc»sun*, V, 16. 

Stas, Jean Scrvais, V, 118, 119. 
Statues, of anaent Egypt, HI, 54 , 
statue of Jupiter Olympus, Vi, 51, 
statue m classic costume, vHI, 60 . 
of wrestlers, 77 , ’'Better Death than 
Captivity," 115, statue of an Ama- 
zon, 126, Roman costumes, 132. 
Steamboat, John Fitch’s VI, 174 
Steam engine, earliest, VI, 90. model 
of a seventeenth-century, I5l, on 
the track of the, 152-161, perfected 
by Watt, 165-181 
Steel, pouring, X, 44 
Stegosaur, II, 69 , 128. 

Stone Ak. the Later, 11, 152 , a bow- 
man of the, 154, a family of, 160, 
6rst Slone chipper, VI, 10 , art of 
the Stone Age, 30. 

Stonehenge, two views of, II, 150 
Strabo, VIII, 36 , "The Geographer," 
117-131 

Stradanus, Johannes, print shop of. 

VI. 130 

Streamline tram, X, 42, 43. 
StrSmberg, Prof., I, 128 
Struggle for existence, X, 182. 
Struve, Otto, I, 124. 

Submif/ne Ji/e. Ace of Invertchrtttj, 
II. 26. 

Suetonius, VII, 106; VIII, 37 
Sumenan race, III, 69. 

Sun, distance from earth, I, 23 . 
prommences on, 26, "the ne^’," 27- 
51; tcmKratur« of, 39, radiation 
power, 47 , energy of due to radio- 
active elements, 51, eclipsed by 
moon, 36 ; disk of, measured by 
Arutarchus, VI, 70 
Sundial, a Mayan, I, 46. 

Sun spots, I, 19, influence on earth's 
magnetic pole, 29, periodicity of. 
29, 30, movement of, 32, virtual 
craters in sun's substance, 32 
Si^ntitions, Egyptian. Ill, 49-57 , 
Qialdean, 81-95 ; Greek and Roman, 
145-153 

Survival of the Attest, IV, 91-103, 
X, 182. 

Swift, Jonathan, manuscript by. IX, 
171. 

Syllabary, III, 115. 


TABLETS, Babylonian, HI, 108. 
Assyrian of baked clay, 114 , Roman 
writing tablets, VIII, 190. 

Tacitus, Vir, 106. VIII, 36. 44 
Tai Mahal, lodt^ IX, 78 
Talbot, Fox, on Chaldean magic, HI, 
85. V. 122, on photography, 124 
Tank ( 'Amencan chanot of ^ar"), 

VII, 33, ready for action, 64. 
Taormina, ruins of Greek Theater at. 

UL 144. 

Tapir. II, 90 

Taurus, constellation of, I, 14 , star 
cluster in, 120. 

Tchaikovsky, Peter Ilich ^portrait), 
IX. 192 

Tea, drinking of, X, 97 , picking m 
India, 99- 

Teeth, as exemplifying natural selec- 
tion. n. 117 

T^utuncs III of Egypt, VIII, 15 
Telephone, Erst conversation between 
New York and Chicago, VI, 186, 
telephone exchange, X, 64 
Telescopes- lOO-mch reflector, I, 38, 
oounng glass for 200-mch disk, 42 , 
largest telescope "eye" ever cast. 
43 , refracting, 50 . reflector at Perk- 
ins Observatory, 67 , Lowell refrac- 
tor. 96 , great reflector at Pans, 118 , 
Herschel s tclescone, V, 14 
Temperance in food and drink, X, 92 
Temples of Ramses III at Thebes, III, 
34 , of Hithor, 34 , at Abydos. 38 : 
at Karnak and Luxor. 40 . of a 
queen at Thebes, 48. the Colossi of 
Memnon, 48, Greek and , Roman, 
150, Greek (P^stum) and Arabian 
(C6rdoba), 152 , temple of Diana at 
Ephesus. VI, 48 , of Juno in Rorne, 

VIII, 135 

Tennis, X, 132. 

Tennyson, Alfred, Lord (portrait). 
V, 157 

Terellt, VI. 133 
Tertiary period, II, 89, 91-137 
Tesla, Nikola, master electrician 
(portrait), VI, 188 
Thackeray, William Makepeace (por- 
trait), V, 154, 

Thales, VI, 50, 71 , "The Milesian," 

VIIL 49-55. 

Thanksgiving, first observance of, IV, 
74 

Theophrastus, VIII, Il4 
Theopompus, VIII, 47 
Thcimodynimics, science of, V, 80 
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Thompson, R Campbell, studies m 
Chaldean aslrolopy. Ill, 77*82. 
Thomson, Sir J J , discovered elec* 
tron, X, -47 

Thomson. Thomas, V, 97 
Thorhnn, IV, 

Thucidides, VIII, 35, 5' 

Tlmmb, evolution ot the, II, 149 
Thundcnng Legion, the. III, 147*151 
Tibenus, VII, 84, 8B, at Capri, 154 
Tibetan manuscript. VllI, 28 
Tides, harnessing tne, X 37*40 
Tiro, VjJI. 178 

Titanothcres. death of as a race, X, 
175 

Titun, IX, 82. portrait of, 130. 

“Portrait ot His L^auchtcf by, 132. 
Titus. VII. 84 
Tobacco. A, 97. 

Tombaugh, Clyde W . I. 99 
Tools, man becomes a user ot. II, 188 
Tornado, a typical “tv^istcr, I. 152 
funnel-shaped, 154 
TornceUi, tNangehsta, VI, 147*151 
fxirtrait of, 149 
Toscanelli, IX, 77 
Tov.er of London, VII. 179. 
Tractors, X. 20. 21, 54, 35. 36, 48 
Transmutation of species. V, 134*140 
Transportation, Mongolun and Amer- 
ican, n, 189, old and new modes 
of. VI. 18 

Trench fighting, World War, VII, 
190 

Trcviranus, Gottfried Remhold, V, 
137. 

Tnassic period, II, 45, 49. 
Tnccratops, II, 66, 69 
Trigonometry, beginning in Greek 
mathematics. III, 133. 

Trilobitcs, II, 21-25 
Trireme, VII, 52 
Triumph of J>onidas, VII, 63 
Trogus Pompems, VlIl, 37 
Trojan War, VII, 29 ■ the Trojan 
horse, 31 
Trotula, III, 191 

Tunisia and Damascus (ptctures). 
ill, 184 

Tunney, “Gene, in action. X, 113. 
Turgenicff, han SergejeMch (pior- 
irait). V, 156 
Turner, Professor, I, 35. 

Turtle from Galjpagos. IV. 136 
Tut-Ankh-Amen, tomb at Thebes, 
III. 44 


Tyndall, John (portrait), V, 77, 78. 
convert to doctnne of evolution, 151. 
Typewriter, first, VI, 184 
Tyrannosaurus rex, ll, 69, 70. 

Tyre. VII, 62. 

UINTATHERE, 11. 84. 

Uniforms, uar, ot 1776, Vfl. 186, 
of 1918, 187. 

Universe, structure of, I. 114*131. 
Ural Sea. II, 125. 

Uranium, heaviest of elements, I, 
144 

Uranus, discovery of, I, 99. 139. 
V, 15 


VALENCk' of elements. V, 108. 

Van Maarun, I, 108. • 

Vapor, X, 23 

Variable sUrs. I. 78-95. 

Vanus, VlII, 156. 

Vega, I. 69. 

Velasquez, portrait by. IX, 131. 

VeneU, M , expounded glacial the- 
ory , 1, 169. 

Venice, IX, 60. 69, 70. 81. 

Venus (planet), phases of discovered 
by Galileo, JX, 122. . , . 

Venus, statue of, VIII, 63 . di Milo, 
X26, Venus fly*trap, a, 102. 

Verangetonx before Casar, VII, 76 

Verdi, Giuseppe, portrait of, IX, 191. 

Vertebrate structure, II, 32. 

Vesalius, Andrew, his work on hu- 
man anatomy, IX, 159*163. 

Vespasian, VII, 84, 94. “miracles” 
of. Ill, 145. 

Vespucci, Amerigo (portrait), IV, 34, 
63-67, IX, 77. 

Vessels of war, Greek and Roman, 


VII, 51*56. 

VesuMus in eruption, 1, 138. 

Victor and vanquished, VII^ 127, 

Viking ships, Iv, 42; Vikings and 
Magyars, VII, 128*135. 

Violand the Good, IV, 53* 

Virgil, VIIC 156, “and the Beast” 
pictured in MS. Dirint Cometij, 
IX. 56. 

Vitamins, X, 174. 

Vogel. Prof. H. C . I, 92. 

Volcanoes. X, 37. 

Volta, Alessandro, dcselopcd gal- 
vanic battery, V, 27 , portrait of, 
36, and Napoleon, 43. 

Voltaic pile, V. 27. 

Voltaire, on Newton’s discoveries. 
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IX, l4l; facsimile of manuscripts 
by. 177. 

WAGNER, Richard, portrait of, IX, 
187. 

Waldieeraflller, Martin, invented the 
word *’Amcnca," IV, 67. 

Walking, value of as exercise, X, 

122 , 

Wallace, Alfred Russel, co-discovercr 
of natural aelcction, V, 147. 

Walrus, II, 137, tusks of, IV, 132. 
Warfare, Egyptian, VII, 27-28, 
Greek. 29*43 . Roman, 65-77 , m the 
early Middle Ages, 109-112, of the 
Crusaders, 143-157, new' epoch of. 
with firearms, 185-190 
War ships, Roman and American, 
VII, 50. 53 

Washington, George (portrait), VI, 
168 

Watch, inventioo of by Harrison, IV, 
32-57 

Water ROW'et, unharnessed, X, 61 
Watt, James, V, 85 , portrait of, VI, 
164. 'The Coming of." 165-181 
Weasel, view of, X, \66 
Weaving, pnmitive, II, 164 , modern, 
165 

Wedgwood, Josiah, photographic ex- 
periments, V, 13 , high temperature 

^^^ncr, Alfred, on continents 
changing their positions, I, 145 
Wcismann, August, 11, 147, 149. 
Werner, Prof , opposed Hutton's 
ideas of stratum formation, I, 155, 
157. 

Wheels, prehistoric, in Turkey, II, 
176 

White dwarfs (stars), I, 71 
WiUuun the Conqueror, VII, 102. 
Wind. X, 15, 

Winghsh. II. 41 

Wohler. Friedrich, V, 104 , chemical 
discoveries of, 105 


Wolf and wolf derivative. IV, p4. 
Wolff, Kaspar. on the cell as basis 
of orwnic life, V, 38 
Wood^uck, as typical of the balance 
of future, IV, 117-122. 

Women defending Jerusalem, VI!. 
137. 

Woolworth Buildmg, New York, X, 
144 

World, origin of, I, 133*139; a his- 
tory of the (1314 A.D ), III, 168. 
World War "Stack Amu" — "Ready 
for Action," VII, IS; big shell and 
big gun, 19. air raid and defense 
battery, 20, bomb-dropping, 21 
Wrestling, tiro holds, X, 110. 
Wright Brothers, I. 52; X, 138; por- 
trait of Orville Wright, X, 82. 
Wright, Thomas, "grindstone" the- 
ory of universe. I, 10. 

Writing. Assyrian system of, HI, 
113, Persian, 119, art of, achieve- 
ment of early man. VI, 31. 

XENOPHANES, pioneer thinker, 
VIII, 70-75 

Xenophon, VIII, 35, 59, 45. 

Xerxes, VII, 11. 

Xjphilinus, HI, 147, 149. 

YOKE, ^ssJM under the, VII, 95. 
Young, Dr. 'rhomis, study of the 
Rosetta stone. III, 23; on vibratory 
theory of light, V, 26, portrait oC 
46, his learning and versatility, 48; 
work on light and colors, 49-59, 
75. 84. 

EBVSZKO, w'rcstling champion, at 
50, X, 95. 

Zeeman, Pieter, I, 54 ; Zeeman effect 
shown in solar cyclones. 35. 
r^uglodoD, II, 119. 

Zones, conquest of the. IV. 7-45, 
Zoroastrianism, VII, 24. 

Zulu warrior. 11. 141. 



